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It is known that an increase in the National Income per 
capita is usually the most evident manifestation of economic 
development. Such a symptom, however, is not in itself the 
most suitable measure of the trend and intensity of develop-
ment; that is, of the "nature and causes" of the development 
of the wealth of nations. Since capital is indeed one of the 
factors on which economic growth depends, it is important 
to consider, in addition, how the quantity of available 
capital and especially its productivity vary in any country. 
An index used for the purpose of illuminating the role of 
capital in the development process is the capital-output ratio~ 
The statement that the capital-output ratio measures the 
productivity of capital is intended to convey that such a ratio 
can provide an indication of the physical productivity of 
investment and not of its marginal efficien~y. The two con-
cepts should not be confused. Physical productivity involves 
a technical relationship existing between stock of capital and 
flow of output. In any period of time, the economic system is 
endowed with a given complex of investment goods and enjoys a 
certain flow of output. The ratio between flow of output and 
stock of capital shows how many units of product can be expected, 
as an average, from each unit of capital. It is therefore a 
matter of statistical measurement relating to quantities 
actually realized. The marginal efficiency of capital, as 
defined by Keynes, and as it is generally accepted in economic 
writing, consists of a relation between the expected return from 
the application of one additional unit of capital and the cost 












The marginal efficiency of capital, to quote Keynes, is 
defined: " in terms of the expectatioL of yield and of the 
current supply price of the capital-asset. It depends on the 
rate of return expected to be obtainable on money if it were 
invested in a newly produced asset; not on the historical 
result of what an investment has yielded cm its original cost if 
we look back nn its record after its life is nver",(l) 
The marginal efficiency of capital implies a psychological 
element; it does not depend exclusively on quantitative returns 
actually realized (ex post) but also on expected returns (ex ante). 
The productivity of capital is measured by the ratio P/K, 
(where P =product and K =capital), an ex post relationship; 
the marginal efficiency of capital is an ex ante relationship; 
one is concerned with past results, the other with future 
expectations. The marginal efficiency of capital is subject to 
short term variations which are not reflected in the trend of the 
capital-output ratio. The latter includes changes in the physical 
productivity of capital and does not necessarily reflect all the 
cyclical variations which offset future expectations. 
It is no part of the design of this thesis to investigate 
all the factors which influence investment decisions; which 
make expectations of future flows of income resulting from new 
investment vary with the current stage of the business cycle; 
and, through the acceleration principle of derived demand, make 
the expectations the more volatile the longer the returns from 
the inves~ment are likely to take. The capital-output ratio is 












Even so, the measurement nf the capital output ratio in-
volves considerable difficulties. As a whole series of studies 
have made clear, the measurement of capital presents considerable 
statistical difficulties. For example, should it be estimated 
at first cost or at depreciated values; if the latter, how 
should the depreciation be reckoned? Since capital is always 
being added to or consumed, must it be reckoned at historical 
cost (giving to a heterogenous combination of historical values 
the guise of a homogenous current capital stock)? If reduced 
to a constant price level, how can this procedure genuinely be 
carried through? The measurement of output is subject to 
similar, if less formidable, difficulties. It is thus obvious 
that the calculation of capital-output ratios over any consider-
able period of time encounters serious statistical obstacles. 
Moreover, excluding such fundamental statistical problems as are 
inherent in the measurement of capital and output, one cannot 
ignore such additional complications as arise from the facts 
that: 
i) the utilisation of investment goods varies from time to 
time; 
ii) the composition of capital and income is subject to 
change; 
iii) as a result of technical change, the volume of output may 
increase without there having been a corresponding increase 
in the amount of capital emplnyed. This is, indeed, a 
mainspring of economic growth; and is a major reason for 
a study of capital output ratios. 
In spite of such undeniable limitations, it may be argued 












productivity nf capital, in particular if the measurement 
refers to long periods of time. In the long term, successive 
variations offset each other, disequilibria are compensated by 
contrary movements. Therefore measurements relating to long 
periods may present a more realistic picture than can be obtained 
from investigations limited tn shnrt periods. 
What is the productivity of capital? Estimates of the Incre-
mental Capital-output Ratio (ICOR) made by a number of schnlar~ 2 ) 
show ~articular agreement on two points: first, that in 
industrialised countries the ICOR appears not to be subject to 
marked variations; second, that such a ratio varies between 
3 to 1 and 4 to 1. This means, for example, that an investment 
of RlOO (or an increment of capital of RlOO) brings about an 
increment of Gross National Product (GNP) of between R25 and R33, 
or that an increase of 3% in GNP is due to an investment varying 
between 9% and 12%; even if the real amount of GNP 
invested by such countries (i.e. the rate of accumulation) varies 
from 15% to 20%. 
In mathematical terms, the ratio between the stock nf 
capital and output (i.e. the average ratio, as distinct from the 
marginal ratio) is simply a function of the amount, which is in 
turn a function of the proportion of national product invested, 
of the average "life" 0f investment goods and nf the rate of 
growth of output. Assuming the average "life" of investment 
goods to be given, the capital-output ratio is determined by 
that part of output annually invested. Assuming this tn be the 
case, one may deduce that the capital-output ratio is much lower 












capital is considerably lower than the developed countries. 
According to some scholars(3), on the other hand, the capital-
output ratio is higher in underdeveloped countries because of 
the relative inefficiency of those industries producing invest-
ment goods, the considerable wastage of capital and the slower 
extension of technical knowledge: elements which render capital 
less productive and therefore make the capital-output ratio 
higher. 
There are otherscholars( 4) who argue that the capital-output 
ratio is lower because in developing countries unused natural 
resources are exploited, because there is more rapid population 
growth, different weight is given to agriculture, industry and 
services, and there are greater incentives to use less capital-
intensive methods of production. 
Those who hold the former opinion regarding relative 
inefficiency in the production of investment goods believe that 
the cost of capital must be higher in the less developed countries, 
which are more efficient in the production of consumer goods than 
of investment goods, in comparison with more advanced nations. 
There is little doubt that wastage of capital would tend to 
raise the capitaJ..~output ratio in underdeveloped countries. Such 
wastes are due to the fact that there is more malinvestment due 
to ignorance of effective possibilities within the economy, which 
gives rise to considerable wastage. Although such malinvestment 
is not peculiar to the less developed countries, there are 
greater obstacles to a just appreciation and a rapid seizure of 
such opportunities as exist, by an entrepreneural class with 
both the means and the knowledge to make effective investments. 
Such entrepreneurs are scarcer in less developed countries. 
When, again through ignorance, or through traditions or instit-












freely away from acfustomed but less productive sectors, with 
consequent nver-investment in snme activities - and those among 
the less productive - and under-investment in others, the 
capital-output ratio may be pushed up. But capital is also 
wasted where capital goods are not used or maintained with the 
same skilled attention as may be expected in more advanced 
countries; the labour force is less accustomed tn the handling 
of machinery and so is less proficient in its use, and the work 
tends to be performed with less speed and less accuracy. 
If, therefnre, a higher capital-output ratio in some less 
developed countries may be explained by the slow a~quisition of 
technical skills, this means that the frequent use or capital 
investment to bring about the introduction and spread of new 
and more productive techniques also involves a higher capital 
output ratio (because a deficient technology involves the reaping 
of lower returns from such capital), nevertheless it opens up 
possibilities of suddenly moving rapidly towards a declining 
ratio. The problem may have arisen originally because of a lack 
of appreciation of the need for balanced investment in the two 
comp+ementary spheres of instrumental capital and "human capital", 
or may even have been inevitable because of the unavoidably long 
"gestation period" of investment in human beings. A factory 
fully ·equipped with the most modern machinery can be erected with 
far greater ease and speed than a generation nf operatives or 
artisans fully trained to the use of the machines can be created. 
This may help to explain the rapid - indeed at times appearing 
almost miraculous -·progress which from time to time has emergedr 
when investment in improving the powers of adaptation of the 












"infrastructure" which removes such obstacles as inadequate and 
expensive communicatinns, comes to fruition at an appropriate 
period. It might almost be said that the overcoming of tech-
nological backwaTdness through necessary investments in the 
fields particularly of education and technical training, when 
massive investment in physical capital takes place concurrently, 
may bring about rapid economic progress accompanied by low 
capital-output ratios. This might explain the notably fast rates 
of growth experienced by some countries which were late starters, 
such as the USSR, Italy, or perhaps even more strikingly, Japan. 
Unfortunately, it is rarely possible to obtain statistical 
data of sufficient reliability, covering a long enough period, to 
calculate acceptable capital-output ratios of countries which 
have as yet hardly entered the modern economy. That is mndeed 
why it is still possible to have hypothetical explanations of a 
fact which, empirically, is as yet insufficiently well-establishedf 
namely that the less developed countries tend to have either 
above-average or below-average capital-output ratios. 
Let us turn now to an analysis of the arguments mentioned 
above, which, according to some, explain why the capital-output 
ratio is lower in underdeveloped countries than in the more 
advanced ones. Just as capital is more productive when utilised 
for the introduction of techniques which are economically an 
improvement upon those already existing, so indeed it wnuld be if 
such capital were used to exploit unused natural resources 
rather than those already in use. Consequently, underdeveloped 
countries, at least those adequately endowed wit¥ natural 












validity of this argument is not strikirni;: it is the 
expectation of profit which generally induces investment, and 
profit does not only depend on the potential yield from the 
investment in itself, but also on the economic environment in 
which such investment is made. 
With regard to population growth it might be argued that 
the capital-output ratio should be higher in those countries 
where population increases slowly than in those where it increases 
at a faster rate. Because of the "law of diminishing returns" 
capital will yield a greater output when coupled with an 
increasing amount of labour. However, it is not necessarily true 
that the economically active population grows more rapidly in 
under-developed countries. Moreover, if population growth is 
slow, less capital is required for housing, a sector which has a 
very high capital-output ratio. 
However, it appears that the mnst effective way of approaching 
the argument as to whether the capital-output ratio is lower in 
under-developed countries lies in a consideration of the different 
importance, and therefore different weight, given to productive 
sectors in every economy. One of the consequences of indus-
trialisation is mechanisation of agriculture, a characteristic 
which makes of the agricultural sector one of the most intensely 
capitalistic. Moreover, if ·me considers the importance which 
heavy industry and public services assume in developed economies, 
one can more readily maintain that the highest levels of the 
capital-output ratio are.in fact found in the latter. Then again, 
capital may not be so essential in backward countries (in the 












capital than it would in more advanced states). For example, 
an increment of output in the agricultural sector in backward 
countries can be obtained by using different agricultural 
techniques such as the use of fertilisers, insecticides, crop 
rotation etc., rather than employing capital by way of 
mechanisation. In addition one should not forget the problem of 
' 
the employment of the labour force. Some time ago, it was 
estimated that in India the agricultural sector supported a 
population greater by a fourth than that required for culti-
vation even with existing techniques and implements. Conse-
quently, under such circumstances, the use of capital to sub-
stitute manpower would merely be a waste, since production was 
already too capital-intensive. 
It can therefore be deduced that there can be valid a priori 
reasons for hypothesising either that the productivity of capital 
is lower in under-developed countries or that it is higher. At 
this stage, however, it becomes all the more essential to be ib 
possession of accurate and comparable statistics so as to justify 
following one or other body of opinion. 
Before describing the framework of the present analysis, I 
would like to stress certain factors which can generally 
influence and therefore can cause variations in the productivity 
of capital. 
The productivity of capital can be influenced by particular 
trends in technical progress; inventions can alter the 
productivity of capital, resulting in a greater or lesser use of 
capital even if all other conditions within the economy remain 












variations in the degree of monnpoly of the various undertakings; 
to the extent that capitalistic entrepreneurs enjoy monopolistic 
advantages, the reward of capital is greater than its marginal 
productivity: this means greater profits and therefore incentive 
to invest. Moreover, the productivity of capital can be 
affected by variations in the scarcity or abundance of non-
permanent natural resources (such as mineral deposits); if, 
during the course of economic development, the availability of 
such natural resources varies, so will real costs of production 
of capital goods and therefore the productivity of investment 
will also be subject to change. 
Finally, the 
productivity of capital may vary with every variation in the 
elasticity of demand: inelasticity in the demand for a product, 
which means that average and marginal revenues fall as capital 
investment in production increases, may bring about diminishing 
returns to capital invested in that sector of the economy; this 
is., indeed, what limits the extent of investment in the sector 
and diverts new investment into other channels. These arguments 
are intended to underline the importance which may be attached 
tn estimates of the capital-output ratio as a measure of the 
productivity of capital. Investigations of this nature are 
evoking increasing interest and appear all the more worthy of 
attention in that the results obtained are capable of manifold 
applications, all of great value both in theory and in practice. 
If, for example, the average capital-output ratio is known, it is 
possible to deduce the increase in income that will flow from a 
given investment, or alternatively, the investment which, with 
the labour of a given number of workers and within a given frame-












From a broader point of view, the estimate of interconnected 
relationships between capital and product can serve as a basis 
for the construction of the production function as well as for 
the verification of the operation of the acceleration principle. 
Finally, once the historical trend of the capital-output ratio 
has been traced, the statistical material necessary to test the 
validity of certain theories, such as the stagnation hypothesis, 
can be obtained. Moreover, at the root of every historical 
enquiry lies the consideration that a "better knowledge of the 
past" can serve as a guide for present decisions, cmce it is 
realised that from past trends can be deduced such elements as 
will assist in the prediction of future developments. 
The purpose of this work is an analysis of the capital-out-
put ratio in South Africa during the period 1950-1969. I will 
attempt to describe, rm the basis of theoretical considerations, 
the trends in and the causes of movements of this ratio. I 
will attempt to relate theory (Part I and Part II) and reality 
(Part II). Part III will be devoted to prognostications and a 


























I. Differe!!.i_ti£es of C££ital-ou!£~ ratio. 
When one deals with the capital-output ratio it is possible 
to refer to two different concepts: 
a) One can speak about the Average ratio established between 
the capital stock existing at a certain moment and the flow 
of product which comes out of it in a certain interval of 
time; this is the concept employed, for example, by 
Kuznets in his well known research concerning the United 
States,( 5) as well as by other American economists, such as 
Creamer and Borenstein, (6 ) in some inquiries concerning 
particular sectors of the American economy. 
b) On the other hand one can speak of the marginal ratio 
established between the increment in the capital stock and the 
increment in output in a certain interval of time; this second 
concept has been employed by Fellner in repeated inquiries 
directed to ascertain the trend of capital productivity in the 
long run:(?) these coefficients measure the productivity of 
capital and they can be of considerable utility both to 
establish the structure of a certain economy and to help 
nrientateinvestment plans. 
If, for example, in the "t" period, I refer to the 
average capital output ratio, the investment of a certain 
capital equal to Kt yields an output equal to Yt, their ratio 
gives the number of units of capital necessary to produce a 
unit of product. The higher such a "number" is, the lower the 












All this can be explained in another way: let us suppose 
that in the "t" period such a ratio is equal to "n", this, as 
has been said, means that n units of capital would be necessary, 
or that the quantity of capital would reproduce itself in n.t 
periods; the less time taken, the lower is n and the more pro-
ductive the capital has been.(S) On the contrary the marginal 
ratio, better known as "Incremental capital-output ratio" 
( ICOR) explains how the capital stock has to increase in order to 
cause an increase of a unit in the product. 
If such a coefficient, analytically defined as !..::.Kt/<'.'.'.\.Yt' 
is equal ton, .it means that in order to obtain a unit more of 
product, n units of capital must be invested. In factt~Kt is 
the increase in capital stock which is identically equal to the 
investment carried out in the period t, and ,~ Yt is the increase 
in output which is given by the difference between two values of 
output over two subsequent periods. 
The ICOR may be defined net or gross, depending on whether 
net investment and output, or gross values are used: similarly, 
it may be adjusted for labour input by subtracting from the 
denominator the value of the increase in output attributable to 
the indreased labour force. A.A. Walters has suggested the 
following formula:(9) 
ICOR = investment LY + w /\ L. y 
L 
where ,~ Y is the increase in output, w is the share of income 












Obviously other definitions are also possible. For example 
J.S. Sandee suggested the following way of calculating ICOR:(lO) 
ICOR = investment 
(Y - Y j - w(L - L ) 
0 0 
Moreover, other authors distinguish three different types 
of ICORs, i.e.: Actual ICOR (ICOR), net ICOR (NICOR) and 
adjusted ICOR (_ACOR ) • By NICOR is meant the incremental capital-
output ratio as it would be on the assumption that the supplies of 
all other factors are held constant. By ACOR is meant the 
incremental capital-output ratio as it would be if it were 
adjusted to a given increase in the supply of other factors, in 
order to maintain the optimum combination of them all. In 
practice, however, neither of these concepts are actually employed~ 
Therefore we shall base our calculations upon the actual 
incremental capital-output ratio (ICOR), rather than upon NICOR 
or AICOR, since it is impossible to say a_£riori whether the 
increase in output is due only to an increase of capital, other 
factors remaining constant (NICOR),or to an increase both in 
capital and, proportionally, in the other inputs (ACOR .:.). 
2. The difficulti of defining ICOR. 
In the calculation of the incremental capital-output ratio 
several alternatives may present themselves and thus create 
difficulties. These may relate, for example, to a) the data on 
which one can base the calculations, b) the duration of the 
period to be considered in the measurement of the increases of 













As to the first point, i.e. the choice of data on which 
one can base the calculations, as far as the numerator .6K 
is concerned it is possible to consider gross investment or net 
~inwestment or only fixed investment by excluding the working 
capital. 
Which of these magnitudes is to be chosen chiefly depends 
upon the statistical data at our disposal. 
Analogously, for the denominator l"':..~Y it is possible to 
consider the value added or the net product. Obviously if net 
values are considered for the numerator it will also be correct 
to consider net values for the denominator; however, apart from 
this need for homogeneity of the magnitudes to be related, the 
choices can be made with a certain degree of freedom. 
Of course such choices also depend upon the use which one 
wants to make of the capital coefficient; for example, for the 
purposes of planning it will be certainly more correct to cal-
culate net capital coefficients than gross ones. 
The choice of period to be considered is arbitrary. The 
available data in my case are annual data; it would then be 
possible to calculate the capital-output ratio (I refer to the 
incremental one) year by year. But this would not be convenient 
since the series of the ratios so calculated would inevitably 
reflect possible fluctuationsin investment from one year to 
another. As what is of interest is not the value achieved by the 
incremental capital-output ratio year by year, but its trend Qver 












smoothes the fluctuations and reflects the general tendency of the 
phenomenon; for this aim the moving-average method or the inter-
polation can be used. It is obviously impossible to say a_Eriori, 
in every particular case, which of these methods will be the best; 
this is a matter of convenience, but it is also necessary to point 
out that each one of these calculations will produce different 
results in absolute value, even if their trends are similar. This 
is why once the desired result has been obtained a great deal of 
circumspection is necessary in interpreting it; and although it 
may be possible to attribute a meaning to the tendency which the 
data show, it is not true that it is possible to do the same for 
the value of each datum. 
Once the time period to which one wishes to relate the incre-
mental capital-output ratio has been established, and once the 
relative increments have been calculated, the problem of dating 
such increments arises. 
Here there are at least three possible solutions. One could 
say that the main function of the investment is the creation of new 
productive capacity which, in a subsequent period, allows the 
product to increase; if one uses this point of view one will relate 
the investment of a certain period to the increase of product 
obtained in a subsequent period. Since the latter is the conse-
quence of the former, it is reasonable to expect that the latter 
will only become apparent one or more periods later. 














~here kt is the ICOR at time t, L\Kt the increment of capital at 
time t and.L'.\ Yt the increment of product over a period lasting +n 
for time n beyond time t. 
But nothing prevents us from adopting the opposite view, 
that is, considering that the increase of product is the factor 
which stimulates new investments. 
This is the famous "accelerator principle" that by now has 
become a much used instrument in economic theory. From this 
point of view, the situation is reversed: it is the increase in 
output which comes first and yields, in a subsequent period, the 
increase in capital. Here also it is necessary, in writing the 
incremental capital-output ratio, to lag the data by a certain 




Finally, it is possible not to postulate any causal relation 
between the investment and increase of product, and to consider 
them simply as two magnitudes which generally vary in the same 
direction; in such a case one gives up lagging the data in one 
direction or in another and directly establishes the ratio between 
the investment and the increase of product of the same period, 
that is: 
(III) 
It is impossible to say ~ prior~ which of these methods is 
the more correct: but let us try to analyse them and to find 












to choose one or other of them. Let us proceed by elimination. 
The second method is not' to be considered here since it is 
beyond the scope of this work, which bases itself on the calcu-
lation of the Incremental capital-output ratio and not on the 
measurement of the "accelerator principle". 
Besides,such two coefficients, even if formally equal, 
present substantial differences.(ll) 
The Incremental capital-output ratio is a magnitude of a 
technical nature, which measures the realised relation between 
capital and product and therefore it is an "ex post" magnitude; 
the accelerator, on the contrary, is a behavioural magnitude, 
which measures the reactions of the entrepreneurs to the 
variations of national income, and, therefore, it has something 
of the nature of a "planned" magnitude. One could say, and some 
have, that the accelerator is a capital-output_ ratio desired by 
entrepreneurs, different, then, from the ratio which is actually 
realised. Such an interpretation, however, is only approximate. 
First of all not all investment is determined by increases 
in demand; there are investments also determined by autonomous 
pressures such as scientific progress or Government; therefore, 
even if the expectations of entrepreneurs were fully realised, the 
capital-output ratio would always be different from the acceler-
ator. Besides, while the capital-output ratio can fluctuate 
according to the percentage of utilisation of plants, the accel-
erator is, by its very nature, independent of temporary fluctu-
ations in productive capacity utilised. Let us now consider the 
other two methods of calculating the ICOR mentioned above.It 












(unless it is an unproductive investment) a double effect: it 
increases the global demand and the productive capacity, that is 7 
the real supply. But what remains to be determined, for a 
correct calculation of the ICOR, is to see, or at least to 
estimate, when that result can be achieved. In other words, what 
value has to be assumed by n in the denominator (L\.Yt ) +n 
of the incremental capital-output ratio? 
If the investment has been productive in the same period 
in which it was carried out, n will be equal to O, if after 1 
period, n is equal to 1, if after 2 periods n is equal to 2, and 
so on. (Periods here refer to years). 
Therefore, the incremental capital-output ratio will 
assume the following forms 
, 
' 
. . . 
respectively. 
Unfortunately it is impossible to say what time interval 
must elapse before an investment begins to take effect, but some 
hypotheses can be made: hypotheses which, if they seem to be 
valid from a logical point of view, nevertheless could not be 
verified by economic reality. 
In order to attenuate arbitrary assumptions in the choice 
of one of the above-mentioned solutions, I have used a statis-
tical instrument: the correlation coefficient of Bravais.< 12 ) 
In other words, the correlation between the series of investments 












increase of product in the same time period has been calculated 
by assuming a time lag between the investment and the increase of 
product of O, 1, and 2 years respectively. More precisely, I 
have assumed that the investment begins to bring reward in the 
same period in which it was carried out, or after one year or 
after two years. 
The results obtained are set out below: 
AGRICULTURE 
It with6 Yt r = 0,3071 (n = 0) 
It with!\ Yt . r = 0,3588 (n = 1) +l 
It wi thl-~ Yt+2 r = 0,37II (n = 2) 
MINING 
It wi thb. Yt r = -0,3215 (n = 0) 
It with L\ Yt+l r = -0,066I (n = 1) 
It with,:~ Yt+2 r = -0,022I (n = 2) 
MANUFACTURING 
It with /:,yt r = 0,6212 (n = 0) 
It with 6.Yt+l r = 0,7710 (n = 1) 
It with 6. Yt+2 r = O,II05 (n = 2) 
SERVICES 
It with I.\ Yt r = 0,6025 (n = 0) 
It with !:\Y t+l r = 0,7549 (n = 1) 












As can be seen, apart from the mining sector, where there 
is almost indifference between the series (i.e. a correlation 
coefficient very near to 0), perhaps due to the fact that this 
sector presents a longer gestation period, the highest correlation 
is obtained by relating the investments of a certain period to 
the increases of product of the subsequent period, that is, by 
considering a time lag between investments and increases of 
product of 1 year. 
Of course, such a correlation coefficient, by its very 
nature, does not mean that ifu.e investment carried out in the 
period t yields an increase of product after 1 year, but it does 
mean that the related series have, more or less, varied in the 
same direction.(l3) 
The Incremental capital-output ratio can be net or gross, 
according to whether the magnitudes related are gross investments 
and gross product or net investments and net product (that is 
excluding capital depreciation).(l4) 
According to some(l5) the net ratio is more significant 
than the gross one, since the latter relates investments and 
product of which a certain part represents wealth consumed durinc 
the period. However, considering that the depreciation is not a 
"consumption" of wealth, but simply a "transformation" of wealth 
in the sense that the cost of depreciation is one of the elements 
which make up the cost of production and therefore forms part of' 
the price of the finished article, and considering the uncertain-
ty and arbitrariness by which depreciation is calculated, the use 














This is particularly true in those cases in which one 
wishes to compare results in different countries. In fact the 
criteria used in the official statistics for estimating 
depreciation can be different from one country to another 
rendering it impossible to compare the net incremental capital-
output ratios. 
In the following table (Table I) I have collected the data 
relating to depreciation in eight countries, among them South 
Africa, and they have been expressed as percentages of gross 
domestic product - D/Y in the table - and of gross total fixed 
investments - D/I in the table •. 




U.S.A. C.AJ.~ADA BELGIUM U.K. GERMANY ITALY S.AFR. NET!iERLANDS 
57,5 45,8 43,6 41,7 41,1 41,0 35 ,1 35 ,3 
10,3 13,l 10,5 10,3 10,5 9,8 9,6 9,8 
Source: For the basic data see: U.N. Yearbook of National .. Accoun-
ts, 1968. 
The data are striking in their uniformity: depreciation 
in fact, takes about 10% of gross domestic product (the mean of 
the eight countries being equal to 10,4%) and about 42% of gross 
total investments (the mean of eight countries is equal to 
42,3%). Agai!}, the coefficient of variation ~ (i.e. the 
ratio between the mean square deviation and the mean) is equal 
to 0,015 for D/Y and to 0,149 for D/I. (The reader does not have 
to be reminded that such an index varies between 0 and 1, 0 












In interpreting the data one must realise that the gross 
incremental capital-output ratio is always greater than the net 
ratio. This derives from the structure of the formula, in tfuat, 
in passing from the gross ratio to the net ratio, in the 
numerator the whole depreciation of a certain period is deducted, 
but in the denominator only the increase in this depreciation. 
In fact, in this case, 
;'\ K (net) -·-· t = 
/:_\ yt~ 
the net ICOR is: 
lt - Dt 
where Dt & Dt+l are depreciation in periods t and t+l. 
(IV) 
Since depreciation has more influence on the numerator than 
on the denominator, the greater the depreciation the greater the 
difference between the net and the gross ICOR. In normal 
cases, such a difference should be about 30 or 40%. 
3. The ca£ital-out12ut ratio at current and constant 12rices. 
When one wishes to relate investment to the product of 
different periods, it is necessary, in order to eliminate the 
variations in the purchasing power of money, to value the 
economic aggregates at constant prices. It is obvious that the 
capital-output ratio at constant prices is different from the 
capital-output ratio at current prices; it is however desirable 
to establish the degree of such a divergence. It becomes apparent 
that: - the divergence between the capital-output ratio at 
constant and current prices is greater for the ICOR 












- the divergence for the average capital-output ratio is 
proportional to the difference in prices experienced 
during the period under consideration; on the contrary, 
no such proportional connection exists for the 
incremental capital-output ratio. 
This may be briefly demonstrated. Let us call "C" the 
current ratio (at current prices) and "D" the deflated ratio 
(at constant prices). Such ratios are equal only in two cases: 
1) If the general level of prices is constant; 
2) if the capital and product of the same period are related and 
the same index of prices is used to deflate the series of 
capital and product. 
In the first case (general level of prices constant) the 
original series coincides with the deflated ohe. Therefore the 
relative ratios are also equal. 
In the second case, the numerator and denominator of the 
ratio at current prices are multiplied by the same index of 
prices, therefore the value of the fraction remains unchanged. 
Obviously these cases are not found very often, and so, generally) 
the deflated ratio diverges from the current ratio. Let us 
examine how, starting with the ACOR •• If K is the capital stock 1 
Y the product, pk and Py the price indices of investment goods 
and total output respectively, the deflated ratio will be: 
D= 
K/pk 















On the contrary the current ratio will be: 
C = K (VI) 
y 
In order to measure the divergence between the ratios, let 




If the price indices are equal (i.e. the same index is used 
to deflate the series of capital and product) the whole expression 
is equal to 1 and therefore the current ratio is equal to the 
constant ratio. On the contrary, if the price indices are 
different the ratios also will be different; so every diver-
gence between the prices of capital goods and the general level 
of prices yields a divergence between the current ratio and the 
deflated one. But, as is apparent from the formula, such a 
divergence is equal to the ratio between the price indices 
considered. 
If, for example, the price index of capital goods is 
higher, let us assume by 10%, than the general index of prices, 
the current capital-output ratio will also be greater than the 
deflated one to the same extent, i.e. 10%. If, for any reason, 
a time-lag into the calculation of the capital-output ratio is 





are the price indices for capital and 
product in periods 1 and 2 respectively, the deflated capital-
output ratio, calculated with a time lag of one period will be: 
Kl/pk 













On the contrary the current ratio will be: 
C = Kl 
y; (IX) 
and dividing the former by the latter, one obtains, as in the 
previous case: 
D = a (X) 
If the price indices of the first period are considered as a 
base, pk is equal to Py , equal in its turn, to 1, and the 
1 1 
formula becomes D/C = Py • That is, the percent~ge divergence 
2 
between the current and deflated capital-output ratios is equal 
to the percentage variation o  the general index of prices. 
Let us consider the same for the incremental capital-output 
ratio. In the calculation of ICOR it is necessary, for definit-
ions, to utilise magnitudes relating to different periods of time. 
Thus,if I represents investment in period 1 Yl and Y2 the product 
in periods 1 and 2 respectively, and pk , p , p the price 
1 Y1 Y2 
indices of investment goods and product, the deflated incremental 
capital-output ratio, calculated with a time lag of 1 period, 
will be: 
D = Y2IPy y I -- p 
2 1 Y1 
while the current ratio will be: 
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1 J (XIII) 
from this formula it seems that, if the general level of prices 
is constant and consequently all the indices are equal to 1, 
we have 
c = 1 + 0 
'D 
that is 
C = D, 
and the current incremental capital-output ratio is equal to the 
deflated one. But, if the general level of prices varies, there 
will be a divergence between the current and deflated ratios, 
and ·this time such a divergence between the ratios will not be 
equal to the variation of prices, but will be mucg higher. 
Such a divergence is much clearer if the period 1 is con-
the 
sidered as/basis of our price indices, so that one may write 
pk = 1, Pyl = l; in fact, acting in such a way, we have 
c = 1 + y2 (l/p - 1) (XIV) 












From this equation it is clear that if prices are rising 
(so that p ::> 1), the right side of this equation is less 
Y2 
than 1, and then the current ratio will be less than the 
deflated one. It is also clear that such a divergence between 
the ratios is higher than the variation in the level of prices, 
and the bigger it is the bigger is the variation of prices 
compared with the variation of income-money. 
It is then possible to state that, while the choice between 
the current and deflated ratio has little importance for the 
calculation of AGOR, it becomes, on the contrary, essential 
when ICOR is calculated. Again, for the .Average capital outptd 
ratio such a divergence is more or less of the same size as the 
variations in the level of prices; for the ICOR, however, 
even a small variation in the level of prices can produce a 
noteable difference between the current and the deflated ratioQ 
4. The Average capital-,Q,£tput ratio (K/Yl.w.£!..J!he Incremental 
capital-output ratio ~~ K/L, Y)? 
It is known that the ratio between product and a factor of 
production gives us the productivity of that factor. Therefore 
the Average capital-output ratio (i.e. the inverse of such a 
ratio) measures the productivity of capital, assuming that the 
other factors remain in a given combination considered optimuru 
by entrepreneurs. This kind of productivity is usually called 
the "Average productivity of capital". If, on the contrary, 
increments are related (in our case the increase in capital and 
in the product) the ratio gives the marginal productivity of 
capital, assuming, in this case also, that the other factors 












The difference between the Average capital-output ratio 
and the Incremental capital-output ratio has the same nature as 
that existing between any average and marginal propensity. 
Now, which is the more representative, or significant or 
important of these two concepts? I believe the marginal pro-
pensity, and thus the Incremental capital-output ratio; since 
the former (average propensity) is a static concept, and the 
latter (marginal propensity) is a dynamic concept. T~e one 
refers to what has happened, the other to what is happening. 
Thus, to measure the productivity of capital, the Incre-
mental capital-output ratio is certainly better than the 
Average capital-output ratio, mostly because of the greater 
operational value of the former. In addition, there are 
formidable difficulties, both theoretical and practical, in 
measuring the Capital stock. 
Can these magnitudes be equal? Statistically it is rather 
unlikely; analytically, (i.e. in theory), it can happen in 
every case in which it is possible that the marginal propensity 
is equal to the average propensity. 
. r· 
\ 
If we have a f(x), analytically expressed-by y =ax, when 
y is the product and x the capital, then: 
:J... = a 
x 
















However, in practice, the function which it is statistically 
possible to establish between the product and capital cannot 
be equal to y = ax, since it is by now accepted that capital, 
at least in statistical enquiries, means ·reproducible 
and durable wealth; and the earth, human beings, and so on, are 
excluded. This means that, even without capital defined in 
that sense, a certain production, owed to natural resources, 
like the earth, would be possible. 
Such a situation, if we want to represent it analytically 











In practice, the possible equalities between 
mostly 
4.JI.. and ~ will be/casual. However it seems to be interesting 
6x x 
to examine the relations which may exist between 6K and K, 
one of them is the following: 
-1 
= L'.:.i.K. (L').Y ) 
K y • K y 
6-Y y 
(XV) 
This identity can be written in terms of logariths as: 
lg ( b. K ) 
D:.Y 












This means that the relation between the ICOR, rate of 
growth, and Average capital-output ratio is linear in logarithms. 
Furthermore the coefficients are exactly -1 for the logaritl!:nm 
of.6..Y and+ 1 for the logarithm of.._!. In other words, the 
y y 
Incremental capital-output ratio is inversely related to the 
rate of growth; the higher the rate of growth, the lower the 
ICOR and vice versa. 
Again, the ICOR is positively related to the average capital-
output ratio, the higher the Average capital-output ratio, the 
higher the ICOR and vice versa. 
Such a relationship w~s used to predict investment needs 
for the United Kingdom by the authors of the National plan. (l7) 
This Study of the National Institute for Economic and Social 
Research (N.I.E.S.R.) tried to explain variations in ICOR in 
the industrial sectors by a linear regression on the capital 
output ratio and on the rate of growth of output. 
It was found that: 
ICOR = 1. 70 + 2,26 K 0,71 bY 
y -y 
(R2 = 0,6107) 
From the knowledge of the growth rete and of the capital-
output ratio the future ICOR was predicted. This was then applied 
to the annual expected growth of output to find annual require-
ments. The N.I.E.S.R. study also showed that the growth rate 













The same regression has been calculated by us for the 
manufacturing sector of the South African economy, and it has 
been found that 




2 R = 0,7866 
As can be seen, here also .6 K and D.. Y are negatively 
6Y Y 
associated, while Li K and ~ are positively associated. If we 
y AY 
consider the fact that K 
2 y 
the high value of R , we 
and ..6. Y could never be equal to 0, and 
y 
can say that such a linear regression 
of ICOR on the average capital-output ratio and on the rate of 
growth of output in the period 1950-6.4 is rather significant. 
Here also it has been found that 6 Y has much more weight in y 
determiningLiK than ~· In fact the partial correlation co-
6.Y y 
efficient betweenil K and K 




is equal to 0,3445 and between..6.K 
,':::-,. y 
in absolute value the latter is 
bigger than the former, and again, the positive and negative 
sign of such coefficients points out, as it is before said, the 
direct relationship betweenb..K and K and the inverse relation-
b.Y y 
ship between AK and b..Y. 
e::,y y 
If we want to give an economic explanation of these results, 
assuming that6_K 
6.Y 
intensity and 6. Y 
y 
represents investment decisions, ~ the capital 
y 
the rate of growth of product, it is possible 
to state that investment decisions are ruled more by the rate of 
growth than by the capital intensity existing in a certain 
economic sector. 
In other words, one does not invest on the basis of 












of the capital stock existing there, but on the basis of the 
act~al or potential rate of growth of product. This would go 
to explain why investments in the economic sectors with high 
capital intensity, such as transports and communications and 














Trend and meaning of the capital-output ratio 
It has often been affirmed that the capital-output ratio 
is a suitable index with which to measure the productivity of 
capital, and also its variations over a period of time. 
We want to consider a few theories which try to explain 
the trend of such a capital coefficient during the process of 
economic growth. One such theory which, as Khan(lB) acknowl-
edges, is a feature of all the contemporaneous approaches to 
the theory of economic growth, considers the capital coefficient 
as a constant parameter. 
According to this theory the capital coefficient, then, 
is the result of a constant relation between capital and product 
and does not undergo variations during economic growth. 
Another theory, that accepted by Goldsmith, considers, on 
the contrary, that the capital coefficient steadily decreases 
with an increasing rate of growth; that is, it assumes a 
continuous increase in the productivity of capital. Such a trend 
was pointed out by different authors, among them Goldsmith(l9 ) 
who noticed that, during the period 1897-1950, in the U.S.A., 
the capital coefficient decreased from 3,5 to 2,5. 
Even the most recent statistics on the capital coefficient 
for the whole economy, according to Van der Werde( 20) would 













Table 2: Loag run variations in the capital coefficient in some 
.£.Q.1!.!}tries in .Europe and other continents. 
Belgium 1916 - 1956 from 9,3 to 5,4 
Germany 1913 - 1955 II 5,4 II 3,6 
Norway 1900 - 1955 II 4,1 11 3,4 
Australia 1903 - 1956 II 6,4 Ii 4,0 
South Africa 1917 - 1956 II 7,0 Ii 4,5 
Colombia 1925 - 1954 II 4,4 II 2,9 
Argentina 1917 - 1955 ti 5,8 II 3,4 
Source: M. di Palma: Il rapporto capitale-prodotto, Borin-
ghieri, Roma 1967, p.12. 
According to Leibenstein( 2l), who tried to give an inter-
pretation of such a phenomenon, the reasons for this general 
tendency of the capital coefficient to decrease can be found in 
the reduction which took place in some economic sectors and for 
some products, in the capital necessary for a unit of production, 
i.e. the introduction of "capital-saving" processes of production, 
and in the evolution of the economic structure of production, 
i.e. an increasing importance within the economy of those 
sectors with lower capital coefficients as sources of economic 
growth. 
According to a third theory, finally, the capital 
coefficient during economic development passes through three 
different phases: it starts at a very low level in the initial 
stage of economic development, rises to a high level in the 
second stage and then settles at values somewhat lower than 
those noted during the preceding period. This is the inter-
pretation accepted by several economists, inter alia, C. Clark, 












According to R. Bicanic, during the phase of 11 threshold" 
(i.e. a phase of the economic growth synonymous with Rostow's 
"Take off") there is an increase in demand for capital goods 
which determines an increase in th~ capital coefficients. Such 
a thesis is not strengthened by Zimmerman's estimates( 24 ) where 
it appears that a higher level of the capital coefficient does 
not occur during the "take off" period. The explanations put 
forward by the defenders of this theory (Bicanic, Clark and 
Kuznets) nevertheless seem to be sound. In fact it is plausible 
to assert that the ICOR tends to increase noticeably with the 
increase in economic development. 
Moreover, in the pre-factory economy, capital is a rather 
scarce factor compared with other factors (labour) which can 
be, on the contrary, superabundant, therefore the whole 
economy is characterised by short periods of production (in 
the sense of Bohm Bawerk). 
However, in developed economies, both investments in infra-
structures, whose productivity is delayed, and investments in 
activities whose productive cycle is completed through longer 
runs than those which are characteristic of pre-factory 
economies, are rather frequent. 
It would then appear that, while in the first case the 
capital coefficient settles at rather low levels, in the second 
case, during economic development it will tend to increase pro-
gressively. This indicates that the system is moving towards 












When, finally, the economy is over this stage of growth 
and reaches the stage of maturity, where,with a full exploit-
ation of productive capacity is associated the complete 
utilisation of economies of scale, lower capital-output ratios 
will be obtained and the productive system will be highly 
efficient. 
But it is obvious that if one wants to continue with 
further enlargements of productive capacity or to use new 
methods of production which need the utilisation of a greater 
quantity of capital, the incremental capital-output ratio will 
tend to increase again. 
Of these three theories, the nearest to reality would 
seem to be the third. 
The first theory he.s no t::tatistical-economic importance. 
It was formulated as a simplifying assumption for the composition 
of some growth models, like those of Harrod-Damar and Kaldor. 
The second, however, may be justified, if explained in a 
different way. As is known, the economic growth of a country 
passes through different stages, and since every stage is 
characterised by different economic conditions, so the parameters 
that could reflect such conditions will also be different. Thus, 
the incremental capital-output ratio, which is one of these 
parameters, will take different values in each stage. According 
to some, as has been mentioned above, the ICOR would start from 
low values (about 2) at the beginning of economic growth, and 












around 5 or 6) and by decreasing again would complete the cycle. 
If we want to refer to Rostow's stages of economic growth, i.e. 
the traditional society, the pre-conditions for the take-off, 
the take-off, the drive to maturity and the age of high mass-
consumption, the ICOR would take very low values during the 
traditional society, chiefly because of the shortage of capital; 
it would increase considerably during the pre-conditions for 
the take-off 9 then it would decrease during the take-off and 
increase again during the drive to maturity and continue to 
decrease during the mass consumption. 
Professor D.R. Houghton( 25) has tried to apply Rostow's 
five stages of economic growth to the South African economy. 
He considers the first stage, "South Africa's traditional 
society" to date from the beginning of time to 1820: the 
second stage, "The pre-conditions for the take-off", from 1820 
to 1933; the third stage, 111rhe take off" from 1933 to 1945; 
the fourth stage, nThe drive to maturity", from 1945 to 1993?, 
and the fifth stage "The age of high consumption" he takes 
not to have been reached yet in South Africa. 
With the data at my disposal I have been able to calculate 
capital-output ratio for part of the second stage. The results 





Source: for the basic data till 1950 see: C.J. du Pisanie: Die 
Bepaling en die Gebruik van Kapitalopbrengsverhoudings : unpub-
lished thesis, University of Pretoria, 1968. pp.41 and 65. 
For the rest of the period the data on output and capital 












According to what has been said above, the ICOR should 
tend to decrease in the future. A similar trend seems also to 










In conclusion, while it is not possible to state that the trend 
of ICOR is constant or decreasing during economic growth; it 
is possible to say that the ICOR shows regular fluctuations 
during economic growth. 
Now, whether the trend of such fluctuations is decreasing 
(Goldsmith's hypothesis) or increasing, (my opinion) it will be 
due to the particular circumstances of the growth process of 
individual countries. 
With the data at my disposal, in order to illustrate the 
trends of ICOR, I have been able to calculate the Incremental 
capital-output ratio for the 1920-1969 period for South Africa. 










Source: C.J. Du Pisanie, op.cit. pp.41 and 65. 












As can be seen, such values show a trend which is more or 
less decreasing. The high value taken by ICOR during the 
period 1926-32 is to be ascribed to the fact that this period 
was, as. has been seen before, a period of transition for the 
South African economy, ·and besides, the early part of the period 
was highly deflationary. 
The same calculations carried out ·for Italy during the 










Source: The data on output and capital formation come from: 
Annali di Statistica, series viii, Vol. 15, ISTAT, Roma, 1965. 
Here it is possible to see on the contrary, the increasing 
trend of the Increment~:tl capital-output ratio in the observed 
period. 
This leads me to reconsider the argument already touched 
upon in the introduction, as to whether ICOR is likely to be 
higher or lower in less developed or in mature economies. 
I do not deny the validity of the reasons, to which Lewis( 27 ~ 
refers in order to arrive at the conclusion mentioned above, 












the question. But, if some considerations may work in one 
direction and some in an opposite direction, it is necessary 
to see whether it is possible to single out from them those 
which would be important enough to turn the scale. 
Now, this is possible if two characteristic features of 
the economies of underdeveloped countries are noticed, that 
is: 
a) the fast growth rate of population, 
b) the lack of so-called "external economies". 
It has been ascertained that in underdeveloped countries the 
growth rate of population is, on average, higher than that of 
developed countries. 
It would appear that investments in dwelling-houses, 
which have an extremely low coefficient of productivity (i.e. 
a very high Incremental-capital output ratio) will absorb in 
underdeveloped countries a higher percentage of total invest-
ments that that absorbed by developed countries. "Probably", 
Lewis writes, "underdeveloped countries need to assign more 
than 25~;, of their total accumulation in dwelling-houses". <23 ) 
This proportion, it is true, is less than in the U.S.A. where 
about t of total capital formation pertains to building con-
struction, which is understandable if it is remembered that 
the growth rate of population in the U.S.A. has also been very 
high and moreover, the productivity of investment in manufac-
turing is high, so the ICOR in the U.S.A. is not unduly raised 












What can be said about other developed countries? In Great 
Britain, still according to Lewis, the percentage of total 
investments in dwelling-houses is about 20%, below the average, 
therefore, in underdeveloped countries. But what would be the 
average if we add other developed countries with a very low 
growth rate of population? We should then have a valid reason 
for a higher incremental capital-output ratio in um er developed 
countries than in developed one~. 
In Table 4 below the annual growth rates of population of 
a few developed and underdeveloped countries in the period 
1958-61 are listed: 
Table 4: Annual Growth rates of population in some countries 
1958 - 1961 
Developed annual grow th underdeveloped annual growth 
countries rate countries rate of 
of population ,Population . 
U.S.A. 1,7 COLUJ.VJBIA 2,2 
UNITED K. 0,7 CHILE 2,4 
GERMAJiJY -0,4 BRAZIL 3,6 
ITALY 0,7 VENEZUELA 3,3 
JAJ?AN 0,9 MEXICO 3,1 
FHANC:G 1,0 NIGERIA 1,9 
AUSTRIA 0,3 CONGO 2,4 
BELGIUM 0,5 REP.C. AFRICA 1,9 
HOLLAND 1,3 PAKISTAN 2,1 
CANADA 2,2 INDIA 2,2 
SOUTH AFRICA 2,6 
AUSTRALIA 2,2 












Coming back to what has been said above, the lack of 
external economies may be of much more importance in the 
determination of ICOR in underdeveloped countries. Let us try, 
above all, to come to an agreement about the meaning of this 
phrase which has recently undergone many changes and additions 
compared with the original concept of Marshall. 
According to Arndt, the concept of "external economies" 
in Marshall is different from that used at present. For 
Marshall they exclusively c0nsist in the benefit which a given 
firm gets from the expansion of total industrial production, 
and they occur independently of the particular production of 
such a firm. The original concept has then undergone several 
changes, becoming wider and wider: at first in a study of 
Allyn Young, later thanks to the writings on economic growth. ( 29 ) 
In order to include the several meanings recently given 
to the words "external economies" we shall start by saying 
that they are all those modifications of the surrounding economic 
background which favourably affect the productivity coefficient 
of capital invested in a certain economic activity. 
It may therefore be assumed that "external economies" are 
A. Those economies coming from the mutual relation between 
industries or economic activities which develop simultaneously. 
Among these it is possible to distinguish: 
1) "External economies" exploited by a certain firm which 
develops in an economic sector in a phase of expansion. 
2) "External economies" exploited by an economic activity 
for the contemporaneous development of other industries. 












lishment of a system of infrastructures or social fixed 
capital (i.e. aque.ducts, ports, roads, railways etc.). 
In short, it is possible to say that the "External 
economies" are conditioned from one side, by the balanced 
growth of the economy, and from the other side, by investments 
in infrastructures. According to Nurkse the incentive to 
invest is limited by the extent of the market. This may 
create a vicious circle; the market may be limited because 
of a shortage of investment - say in improvement of trans-
portation facilities - and yet there is no encouragement to 
make the necessary investments to overcome this, precisely 
because the market is limited. (30) 
In order to come out of the vicious circle, a simultaneous 
development of several different industries is necessary, where 
every one of them offers its own products and, at the same time, 
demands those of other industries: briefly, every industry 
would generate "external economies" for all the others. 
Of course, however, such balanced growth needs a very 
strong amount of initial investments, which are not possible 
in underdeveloped countries because of the shortage of 
investment funds. 
Now, if a shortage of social fixed capital is a charac-
teristic of underdeveloped countries, another characteristic, 












investments in infrastructures: they are indivisible, that is, 
they cannot be carried out in less than a certain minimum size. 
Nor, on the other hand, is it possible to carry out investments 
in activities where the time-lag is very short, i.e. directly 
productive investments, unless a minimum amount of investment 
in roads, railways, services etc. has taken place. Thus, 
investments in infrastructures must precede the achievement 
of balanced growth. 
The classical economists predicted that productive 
investments would go, under the effect of free competition, 
towards those ar~as or countries where the cost of labour was 
lower; in reality, on the contrary, these investments have 
gone towards those areas or countries where the "external 
economies" were such as to allow lower costs even in the 
presence of relatively high wages.(3l) 
The error of the classical economists consisted in 
ignoring the peculiar indivisibility of fixed social capital. 
It is this indivisibility, as well as the necessity to have 
this kind of capital before establishing industries, that the 
classical economists did not see. 
This feature is sufficient to explain the non-functioning 
of the mechanism which, according to the classical economists, 
ought to lead, under the action of free competition, to the 
elimination of income inequalities between countries. In fact, 
even if capital could move freely from one country to another, 












underdeveloped countries, that quantity of fixed social 
capital which would have allowed the execution of standard 
industrial investments. 
Both because of the necessity of devoting a large part 
of capital formation to infrastructures and because of the 
lack of "external economies", we can see a number of reasons 
which combine to explain why the Incremental capital-output 
rationcould be expected to be higher in underdeveloped countries 
than in developed countries. If to this we add what has been 
said about the growth rate of population and the consequent 
necessity of investing in building constructions, such a 
conclusion becomes still more inevitable. 
A very simple conclusion may be derived from this 
analysis. In order to obtain a certain increase of per-capita 
real income, the unde developed countries would have to make a 
greater effort at creating capital than the developed countries, 
firstly because they have a higher capital-output ratio, 
secondly because they have a higher growth rate of population. 
Therefore, it is not surprising in such circumstances that 
differences in economic welfare between underdeveloped and 













THE CAPITAL-OUTPUT RATIO IN SOUTH AFRICA DURING 














The economic aggregates of Investmenti Ca~ital 
Stock, Product 
The difficulties of comparing nominal (or monetary) 
aggregates over time are well recognised. 
The value of a given set of goods can vary both because 
the real quantity of such goods increases or decreases, and 
because the prices which have been used for the valuation of 
these goods, vary. 
For a study on the productivity of capital, which is what 
this work is intended to be, it is necessary that the economic 
aggregates used are not affected by changes in the purchasing 
power of money or, in other words by changes in the general 
level of prices. Therefore I have used, for investments 
(gross domestic fixed investments), for the capital stock, and 
for the product (gross domestic product at factor cost or 
value added) 11 real values", that is, values at 1958 constant 
prices. The data have been kindly supplied by the South African 
Reserve Bank. 
The methods used in estimating the aggregates correspond 
in all cases, with the exception of the value added since 1965, 
with those employed by Mr. C.J. du Pisanie.<32) 
Mr. du Pisanie's estimates of the value added in the main 
sectors were up-dated to 1965 by means of the following 












mining production, for manufacturing, by the physical volume 
of manufacturing production, electricity, gas and water, 
by electric current generated, and construction, by the value 
of investment in building and constructions at constant prices. 
The estimates pertaining to services were derived as a 
residual. 
Before calculating the Capital-output ratio, let us 
analyse the series of gross fixed investments and gross 
domestic product with the aim of pointing out possibly signi-
ficant features. 
In Table 5 the percentage composition of gross domestic 
product by sector of economic activity for the 1950-69 
period, has been calculated. 
During the period 1950-69, about 13% of total gross 
domestic product pertains to agriculture, 12,6~b to mining, 
25% to industry and 49,4% to services. 
Naturally the weight of such sectors in the total product 
has been changing during the period analysed, above· all, because 
the economy has passed from a more or less agricultural stage 
to a more industrialised one. In fact, in the 1950-59 period, 
about 14,2% of Gross Domestic Product pertained to agriculture, 
and about 35% to industrial activities (including mining), while 
in the 1960-69 period about 11,8% pertained to agriculture and 












Table 5. During the period 1950-196~rcentage distribution 
of the Gross Domestic Product at factor cost by 







































































































































However, the transformation undergone by the South 
African economy can be better pointed out by considering the per-
centage of investments absorbed by different economic sectors. 
If we look at Table 6 it is possible to see the gradually 
decreasing importance of the agricultural and mining sectors. (33) 
On the contrary the industrial sector shows an increasing 
tendency during the same period. The fact that this sector has 
absorbed increasing percentages of investment compared with the 
other sectors, can be ascribed to the following causes: 
1) The particular nature of investment in the primary activities 
( agriculture) ; 
2) The policy of government towards manufacturing industries; 
3) The declining relative importance of gold mining; 
4) The growth of services, which permit an enlargement of the 
market. 
On the first point we can say that South Africa over many years 
had been, first and foremost, an agricultural country (or 
countries). The level of current investment in more recent 
years has, as a result of reaping the deferred returns of past 
investments, been at a lower level in consequence of this. 
This particular relationship cannot, however, be laid down with 
any certainty. As was already noted in the introduction, recent 
changes in the mode of agriculture, which increase the degree of 
mechanisation, have greatly increased the capital intensitivity 
of this sector. Yet many of the improvements in the productivity 
of agriculture - such as the use of selected seeds and improved 
animal breeds or strains, have been of a capital-saving nature, 
and income generated in agriculture has not necessarily been 












Table_§. Percentage distribution of grgss fixed investment 
~~§.£tors of economic activiti. 
Total fixed investment = 100 
Years ,Sgriculture Mining Manufacturig,g Services -
1950 15,14 13,68 26,04 45,14 
1951 15,92 14,44 26,38 43,26 
1952 13,71 16,62 23,48 46,19 
1953 12 t 78 14,75 26,76 45,71 
1954 12,94 15,10 26,30 45,66 
1955 13,00 13,03 25 ,45 48,52 
1956 12,01 11,53 24,32 52,14 
1957 11,24 10,09 23,36 55,31 
1958 10,05 9,19 24,29 56,57 
1959 10,32 9,66 26,69 53,33 
1960 9,95 12,17 24,15 53,73 
1961 9,86 13,21 24,84 52,09 
1962 10,23 10,39 27,10 52,28 
1963 9,12 8,79 30,68 51,42 
1964 7,97 8,88 33,27 49,88 
1965 6,46 7,65 32,77 53,12 
1966 6,49 7,13 35,38 51,00 
1967 6,68 7,76 36,17 49,39 
1968 6,76 7,95 32,67 52,62 
1969 6,30 7,80 29,30 56,60 
Period 
1950-69 10,34 10,98 27,94 50,74 
1950-59 12,71 12,80 25,27 49,22 
1960-69 7,98 9,17 30,64 52,21 
Source: The data on gross fixed investment were provided by 













percentage of product to be invested was at the disposal of 
the other sectors. 
Another factor, which has given an impetus to the 
investment activity in the industrial sector, has been the 
particular policy of government towards manufacturing industry. 
Inter alia, the Viljoen Commission of 1958(34)recognised that 
the small si!e of the market was a major impediment to the 
growth of manufacturing industries, and suggested various 
measures to be adopted to overcome such a difficulty. 
Prominent among these were measures designed to· give an assured 
extent of the home market to local producers, in the h~pe 
that this would create economies of scale, and greater 
efficiency in production would thus, after a while, render South 
African industrial products competitive with imports, even 
without special measures of protection. Both customs tariffs 
and import controls have been employed in that way to the 
utmost extent permitted under G.A.T.T. rules. 
The fact that gold had to be sold, throughout this 
period, at a fixed price of $35 an ounce, despite inflationary 
incr~ases in the cost of mining, acted as a brake on investments 
in the mining sector, thus leaving a greater percentage of 
output to be invested in the industrial sector. 
However, I believe that the factor which has more 
influence on investment activities in the industrial seetor has 
been the development of services. 












Government, financial services, transports and communications) 
has produced a suitable background for the development of 
industry. The "external economies" caused by the development 
of services, such as credit facilities, governmental subsidies, 
relatively cheaper transport, have improved the private 
profitability of industrial developments and may thus have 
made the industrial sector a kind of magnet for investments. 
Throughout this period government spending has been 
growing particularly fast. It would be informative to break 
down the aggregate for services in Table 6 into some of its 
component parts, one of which would be government spending. 
Unfortunately the sources available do not allow of the 













The capital output ratios in South Africa during the 
]eriod 1950-69. 
I. The incremental capital output ratio (ICOR). 
The ICOR has been calculated for the following sectors: 
- Agriculture, forestry and fishing; 
- I'1ining; 
- Industry (manufacturing, constructiont electricity, gas 
and water); 
- Services (i.e. transports and communications, government 
trade, financial services a...~d fixed property, dwellings 
and other services); 
The whole economy (i.e. agriculture, mining, industry and 
services). 
The economic aggregates used have been gross fixed 
investments and gross domestic product at factor coste,both 
at 1958 constant prices. (South West Africa is excluded). 
The results obtained are listed in Table 7. 
As can be seen, the annual data show considerable fluctu-
ations and so are not very signfficant; such fluctuations are 
due, above all, to the investment cycle which is a general 
characteristic of every sector, and also, among other things, 
due to the fact that the agricultural sector and the mining 
sector are concerned with climatic situations, which offset 
the annual output 1 and with considerations of monetary policy 












Table 7. The ICOR bi sectors of econoffiic activiti. Period 
1950-68 the em t s aces mean that the ratio has 
turned out negativ2 • 
Years Agriculture _Nining Services Manufacturing Total 
1950 2,83 10,26 5,23 4,10 4,61 
1951 8,31 6,59 3,24 6,36 
1952 2,54 4,28 4,28 4,66 
1953 5,16 2,76 4,44 4,28 4,10 
1954 14,71 2,93 5,45 4,23 4,85 
1955 2,66 2,49 5,42 5,88 4,27 
1956 1,91 4,75 3,96 4,90 
1957 10,66 6,33 5,05 8,39 
1958 2,13 1,43 11,96 6,62 5,12 
1959 8,51 2,00 5,34 6,06 5,15 
1960 1,64 3,03 4,83 4,02 3,67 
1961 2, 65 2,49 5,30 3,24 3,77 
1962 2,58 2,74 1,58 2 ,57 
1963 1,97 2,29 1,62 2,18 
1964 13,57 4,10 3,66 3,71 5,56 
1965 2,76 2,86 7,19 4,60 5,12 
1966 1,58 4,72 4,63 3,35 
1967 1,01 3,57 2,95 5,77 4,88 
1968 1,40 9,47 4,87 2,56 3,42 
Periods 
1950-68 4,53 3,38 4,50 3,67 4,03 
1950-56 4,53 4,43 5,09 4,25 4,67 
1956-62 5,45 2,37 5,90 4,55 4,77 












pertains to gold). Although the price of gold in rands 
remained virtually constant throughout the period, and indeed 
because of it, the timing of investment in gold mining was 
affected both by considerations of the current rate of 
inflation and by changing expectations regarding an eventual 
revaluation of monetary gold. 
In order to smooth such fluctuations and make the ICOR 
more significant, the moving average over three years has been 
used. In other words, the Incremental capital-output ratio 






Kt = 2 t=l = 
1 ±=-_ 6Yt+l 3 
t=l 
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Such a method, owing to the technical characteristics of 
the moving average at 3 terms, excludes the first and the last 
terms of the series product and investments. Therefore the 
period gets narrower; and hence the ICOR, in terms of the 
formula utilised, can only be calculated for the period 1951-












Table 8. The ICOR bi sectors of economic activit on the 
basis of three terms moving avera_g§. The 
.§]ace means that the ratio is negativ~ • 
Period 1921-1967. 
Years Agri~ltu~ ,Ninin_g Nanufacturing Services 121-a.1 
1951 4,30 3,82 5,13 5,07 
1952 5,54 6,25 3,90 4,81 4,78 
1953 4,68 4,30 4,26 4,69 4,51 
1954 4,75 2,73 4,66 5,06 4,39 
1955 2942 4,55 5,17 4,66 
1956 2,87 4,85 5,46 5,41 
1957 2,26 5 ,05 6,88 5,78 
1958 8,00 2,31 5,88 7,43 5,85 
1959 2,02 5,34 6,63 4,54 
1960 2,73 2,48 4,18 6,40 4,10 
1961 3,50 2,68 2,49 3,97 3,25 
1962 2,32 1,88 2,99 2,67 
1963 2,70 2,12 2,83 2,79 
1964 6,78 2,79 2,96 3,80 3,49 
1965 1,38 4,74 4,32 4,93 4,01 
1966 3,04 4,44 4,41 4,34 4,03 












As can be seen from Table 8, the use of a three-year moving 
average renders the values of the ICOR much less erratic, and 
therefore more reliable, although fluctuations in the agricultural 
sector remain. This, however, as mentioned previously, is a 
particular characteristic of such a sector, with its wide 
climatic variations, so that some tend to deny any reliability 
to the Incremental capital-output ratio calculated for this 
sector, especially when this calculation is concerned with 
short runs. 
Rather high values of ICOR (I refer to the primary sector) 
have been apparent in 1955-1959 and 1962-64; this is due, 
above all, to the annual growth rate of output having been very 
low and sometimes even negative as in 1957-58 and 1963. 
From the data in Table 7 it also appears that in the 
primary sector the incremental.capital-output ratio passes through 
three different stages: in fact, by dividing the period 1950-68 









That is, the productivity of capital in the primary sector 
decreases in the period 1956-1962 (ICOR = 5,45) and increases 
during the period 1962-1969 (ICOR = 4,00). Looking at the three 
periods simultaneously, it is possible to note that productivity 
during the whole period 1950-1968 has shown an increasing tendency~ 
this is better pointed out by looking for the trend of ICOR in the 
whole period. The method used has been interpolation with the 












Table 9. Real and theoretical ICOR~s in the agrifultural 
_§ector. 
Years Real Va1,Be Theoretical Values 
(y = a(x=I950)+c) 
1950 2,83 5,69 
1951 
1952 2,54 5,65 
1953 5,16 5,59 
1954 14,71 5,52 
1955 2,66 5,43 
1956 
1957 
1958 2,13 5,03 
1959 8,51 4,86 
1960 1,64 4,65 
1961 2,65 4,45 
1962 
1963 
1964 13,57 3,68 
1965 2,76 3,38 
1966 1,58 3,06 
1967 1,01 2,72 














The interpolating function used has been that which, 
among the following ones, has given the minimum square 
deviation.(36) 
The functions used have been: 
Functions 
y = ax + e 
lg y = a lg x + e 
y = a lg x + e 
Y=,g+e 
x 
lg y = ,g + e 
x 
y = ax2 + e 
J... 









It emerges that the best interpolator has been the 
parabola 
y = ax2 + e 
which has taken the form: 
y = - 0,0102 (x - 1950) + 5,7014 
where y is the IOOR, and x time (i.e. x = 1950 , 1951, ·~ ~ •• 1968) o 
It seems to be clear (Table 9) that the trend of the IOOR 
has been decreasing, that is, that the trend of the 
productivity of capital in the primary sector or agriculture, 
has been increasing this being the major source of income for 
such a sector. 
The reasons why in this sector capital productivity was 












people have invested less with no diminution of product. 
Let us see if this is true. In the period 1950-56 the rate of 
accumulation was 21, 9ro, in the period 1956-62 about 16, 7% and 
in the period 1962-68 about 14,5ra. 
At first sight the hypothesis being tested would appear to 
fit the facts. But if we notice that in the period 1956-62 
the average annual growth rate of product was about 3, 7fo while 
in the period 1962-69 it was about 7,4%, we can say that the 
explanation was just that investment, independently of its amount 
was more productive. In fact, in quantitative terms the 
percentage of investment is reduced over time, but speaking of 
investments only in quantitative terms is not sufficient; their 
qualitative features must not be forgotten. 
Then, the productivity of an investment is not only due to 
the investment itself, but also to other factors, such as the 
labour, the techniques utilised and the policy of the government 
as it affects a certain sector. And I believe it is precisely 
this last factor which makes capital productivity in the primary 
sector increase during the period under consideration. 
It is not the aim of this study to list and to analyse the 
work and the results of the several private or governmental 
commissions set up to introduce into agriculture methods which 
are more and more scientific and suitable to different agrarian 
zones. Generally, the primary sector is a sector which escapes 
to a greater extent the control and planning of men, and for 












be obtained, rates which, without an adequate agricultural 
policy, would lead this sector to stagnation and disinvestment. 
Agricultural policy in South Africa in the last 15-20 years 
has brought a change from a situation where the productivity 
of the soil was falling at an alarming rate to one where future 
productivity is being steadily built up. Unfortunately the 
same cannot be said of the African reserves, 
Looking·now at the mining sector, the striking feature app-
arent from Table 8 is the steadiness shown by ICOR during the 
analysed period. This steadiness is better pointed out by 
interpolation of the annual values of the Incremental capital-
output ratio. For this interpolation the functions already 
utilised in the primary sector have been used, to choose that 
one which has shown the minimum square deviation,that is: 
Functi.QQ§ Sguare deviation 
y = ax + c 3,0236 
lg y = a lg x + c 2,7417 
y = a lg x + c 2,6577 
y = § + c 2,6954 
x 
lg y = ~ + c 2,7724 
x 
y = ax2 + c 3,0814 
~ 
y = ax2 + c 2,8822 
the semi-logarithmic 
y = a lg x + c 
which in this sector takes the following form: 
y = - 0,476 lg (x - 1950) + 4,8843 
where y is the ICOR and x time 












Even in the mining sector, as the angular coefficient of 
the function states, the Incremental capital-output ratio 
has shown a decreasing trend. Such a decreasing trend also 
comes from the smoothed data listed in Table 10. 
If we now divide, as has already been done for the 
agricultural sector, the period 1950-69 into three sub-periods, 
it is possible to note that the ICOR in the periods 1950-56, 
1956-62 and 1962-68 takes the values of 4,43, 2,37 and 3,84 
respectively. The very low value of 2,37 and therefore the 
high productivity of capital, is certainly due to the remarkable 
rate of growth of product in the same period; it is, in fact, 
in average of 8%, with maximum points of 16,4% in 1956, of 
10,8% in 1957 and 12% in 1959. 
From Table 8 it is also clear that the mining sector is 
the sector which has shown the lowest ICOR, and, therefore, the 
highest capital productivity during the analysed period: 
about 30% of total product pertains to the capital factor. 
All this depends, among other things, on the particular care 
that this sector has received over time, having been, in fact, 
the main source of taxation and foreign exchange for the 
South African economy. 
Moreover, if we note that the quasi-totality of the 
product of mines pertained to gold, we can see more clearly 
why such a sector has received all that attention which brought 












Table 10. ~l and theoretical ICOR's in the mini,n..g 
sector. 
1~ Real Values Theoretical values 
y = a log(x-1950)+c 
1951 8,31 4,88 
1952 
1953 2,76 4,36 
1954 2,93 4,22 
1955 2,49 4,11 
1956 1,91 4,02 
1957 10,66 3,95 
1958 1,43 3,89 
1959 2,00 3,83 
1960 3,03 3,78 
1961 2,49 3,74 
1962 2,58 3,70 
1963 1,97 3,66 
1964 4,10 3,63 
1965 2,86 3,59 
1966 
1967 3,57 3,53 














Gold, besides having all the economic characteristics 
of any commodity whatever, possesses a greater special 
importance for the peculiar attributes that it has, both in 
the national and in the international field. And so, at 
least while such conditions last, it is more than understandable 
from the economic point of vi:ew, that such a sector should 
receive the most complete and particular attention. Leaving 
out the monetary function of gold in the international field,, 
the great influence that it has on the national economy must 
not be forgotten, such as: 
1) It is a provider of foreign exchange. "The possession of 
an export article, particularly one with the attributes of 
gold, which all the world wants, is a great advantage to 
a young country. Gold as the final means of settling 
international indebtedness can enter through doors which 
import controls close against other commodities. And hence, 
from the establishment of Union, South Africa could pay, 
without undue difficulty, for the capital goods it urgently 
needed to expand its total national production".(3S) Even 
though some of these advantages have been eroded through 
inflation since these words were written, others still 
remain, and no other co.ID.parable source of massive supplies 
of foreign exchange emerged. 
2) It is a stabilising factor in the economy. Gold has always 
exerted a remarkable stabilising effect in the South African 
economy, owing to the peculiar relationship between its 
production costs and the price of its end product. The use 












fixed and, then, there is an infinitely elastic demand for 
the product at the prevailing price. 
During periods of general economic prosperity there will be 
a tendency for costs to rise, and since in such a sector 
these cannot be passed on to the consumer, the profit 
margins contract, On the contrary, during periods of 
general recession the mining costs tend to fall and the 
profit margins to rise. Some have shown that in such 
periods the dividends were maintained and employment, in 
contrast to the general employment index, expanded in the 
gold mines. 
The facts concerning the gold mining industry just considered 
may, indeed, have a great deal to do with the increased 
capital productivity noted for the mining sector. Increased 
efficiency may form a large part of the explanation, and 
this, in turn, may have its major origins in the great 
incentives to reduce costs of production and to offset un-
avoidable increases in costs of production emanating from 
other causes. The gold mining industry was not, until very 
recently, able to pass on higher costs in the form of higher 
prices. This may well have proved to be a particular stim~lus 
to improvements in productivity. This process, however, has 
its limits, and the possibility of offsetting the rise in 
other costs through this means may have become virtually 
exhausted during the 1962-69 period. 
3) It is a brake upon inflation. As a consequence of the 
relationship between costs and the fixed price of gold 
mentioned above, the gold-mining industry is particularly 












inflationary pressures could have a serious effect upon 
the profitability and output of one of the major industries 
of the country. 
"Knowledge of this fact has always had a salutary effect 
upon successive governments an~ any tendency to take the easy 
path of inflation has been checked by the realisation of 
its effects upon South Africa's major export".(39) 
However, it is known that any economic growth is normally 
accompanied by a certain inflation due to demand, viz. -
internal and external demand for consumption or investment 
goods, moreover, if we consider the fact that gold is a 
natural resource, deposits of which are not inexhaustible, 
and that a major source of demand has been restricted by 
its decreased importance as international money, we shall 
realise why in the period 1962-69 the rate of accumulation 
in the mining sector has decreased by about 18,6% in 
comparison with the period 1956-62, while the average annual 
growth rate declined from 8% (1956-62) to 4,2% (1962-69); 
factors which have caused the productivity of capital to 
decrease from the exceptionally high level of 42% (1956-62) 
to 26% (1962-69). 
Now let us look at the incremental capital-output ratio in 
the industrial sector. From the data of Table 8 it seems that 
such a coefficient assumes values varying from more than 5 to 
less than 2. The highest values are obtained in the years 
1957-1958-1959, that is, 5,05, 5,88 and 5,35 respectively, and 












fluctuated around 2. This last period coincides with the 
depression after Sharp?ville and then- .the recovery of the 
South African economy; the annual average growth rate was 
about 9,3%. 
In the following years (1966-68) the ICOR increases. 
Such an increase appears to be due, above all, to the strong 
expansion of demand during the period of boom which increased 
the expectations of profit from capital investment in manu-
facturing industry, even though the extent of new in¥estment 
brought about a reduction in the production of capital goods. 
It is known, in fact, that this sector is one of the most 
elastic to the variations due to the trade cycle (or economic 
trend) because of shorter planning andsuyilementation periods, 
the sector showed the highest rates of accumulation, about 30~;; 
in the period 1965-68, while, for the same period, the primary, 
mining and tertiary sectors showed lower rates of accumulation, 
about 13,7%, 14~ and 25% respectively. 
11 The expansion of the private manufacturing sector from 
relative insignificance in 1911-12 to the largest 
single component of the national income is undoubtedly 
the greatest structural change that has taken place in 
the South African economy during the last years. 
Although protective tariffs have played some part in 
stimulating industrial development, the main cause 
has undoubtedly been the expansion of the South African 
market. 
Baaed initially upon the gold mines and the urban 
population which grew up around them, the manufacturing 
developments have had an accumulative effect in 
expanding the market, because each successful phase of 
industrial expansion generates more income and increases 
the urban population, and this in turn stimulates 












If we divide the period 1950-69 into three sub-periods, 
it can be seen that the ICOR in the period 1950-56 assumes 
the value of 4,25, in the period 1956-62 of 4,55 and in the 
period 1962-68 of 3,24. It appears that the capital 
productivity shows an increasing tendency over the period. 
This tendency is better demonstrated by interpolating the 
ICORs calculated for the same period (i.e. 1950-68). 
The interpolator used has been the parabola y = ax2 - c, 
since it has shown the lowest square deviation index compared 
with the other functions, in fact 
Functions 
y = 2 ax + c 
lg y = a lg x + c 
y = a lg x+ c 
y = .§: + c 
x 
lg y = .§: + c 
y = 
x 2 
ax + c 
j_ 







1, 5 237 
1,5254 
the parabola y = ax2 + c has taken the following form: 
y = -0,00072 (x - 1950) 2 + 4,3657 













Table 11. Real B:QQ...theoretical JCOR's in the manufacturigp; 
sector 
rears Real values Theoretical values 
y = a(x - 195'5'J'Z""+ c 
1950 4,10 4,365 
1951 3,24 4,365 
1952 4,28 4,362 
1953 4,28 4r359 
1954 4,23 4,354 
1955 5,88 4,347 
1956 3,96 4,339 
1957 5,05 5,330 
1958 6,62 4,319 
1959 6,06 4,307 
1960 4,02 4,293 
1961 3,24 4,278 
1962 1,58 4,262 
1963 1,62 4,243 
1964 3,71 4,224 
1965 4,60 4,203 
1966 4,63 4,181 
1967 5,77 4,157 














Both from the negative angular coefficient of the parabola 
and from the interpolated data the decreasing trend of ICOR's 
comes out, and, thus, the increasing capital productivity for 
the industrial sector. 
The fact that this sector has shown an increasing 
productivity of capital (and this has been relatively high in 
the last years, about 30% in the period 1962-68) may be due 
to various factors. 
I have already mentioned the government policy towards 
such a sector and the development of services, which had the 
effect of generating "external economies" for the manufacturing 
sector. The productivity of capital in this sector may also 
have been affected by the fact that the exchange rate has been 
overvalued and protected by comprehensive exchange controls. 
This has tended to discourage investment in mining and encourage 
investment and the returns to it in industry. Moreover, if we 
consider the fact that South Africa is richly endowed with many 
essential raw materials, we can better realise that the progress 
of manufacturing industry in South Africa is likely in future 
to eclipse its present development. 
Certainly, there are still many difficulties: above all 
it is necessary for the domestic market to expand. For some 
classes of industry, in fact, the domestic market is so small 
that introduction of the most modern machinery throughout the 
plant is not worthwhile, and sufficiently long production runs 
to take full advantage of the economies of scale are not 












size of the South African population compared with that of 
the major industrialised countries. 
The limited domestic market is, however, also due to the 
fact that the majority of the South African population has 
only a very low level of consumption: mass production methods 
necessarily imply mass consumption of their products. 
"Difficulties of a different kind also arise from the 
fact that many factories were originally set up to 
manufacture consumers' goods out of imported semi-
processed or raw materials, and these were allowed 
in duty free or on rebate with the increasing emphasis 
on the need to stimulate the use of local raw 
materials, protective tariffs are being demanded by 
factories engaged upon the earlier stages of the 
productive process. This tends to raise costs for 
the manufacturer at the final stage, and he in turn 
tends to pass them on in higher prices to the consumer 
The dilemma facing the automobile industry is that 
factories were established at the ports to assemble 
vehicles from foreign components. 
· Now pressure is being brought to bear upon them to 
use a progressively greater proportion of South 
African made components, until eventually the whole 
car will be a local manufacture with the sound basis 
of an indigenous iron and steel industry: this is 
probably wise policy in the long run, but it raises 
great difficulties in costs, location and markets at 
the present time". (41) 
Of course, the inadequacy of the home market might be 
offset by promoting export trade; this would make possible 
an increase of demand which could be added to the home demand 
and, so, a greater market for South African products would 
develop. Moreover the balance of payments would depend much 
less upon the production of gold. In view of the ultimate 
inevitable exhaustion of the gold mines and the uncertainties 












aim, and in view of South Africa's industrial potentialities, 
it might be better to export manufactured goods than gold. 
But in order to increase exports a certain policy is necessary: 
the eventual markets of South African products are very 
distant and if the prices have to remain competitive the 
internal prices must be relatively low. Moreover, the 
successful development of export markets may require a greater 
liberalisation of commercial exchange and of exchange controls 
than either prospective importing countries may allow, or than 
South Africa may be willing to concede through reciprocal 
concessions. With the accession of the United Kingdom, which 
constitutes a preferential export market, to the European 
Economic Community, the barriers to enlarging the scale of 
South African manufacturing establishments through supplying 
exports markets may increase in the near future rather than 
diminish. 
I have mentioned some economic features; if political 
features are also added the difficulties that the manufacturing 
sector can meet undoubtedly increase. However the development 
that it has shown during the last years cannot be denied, in 
the period 1962-69 the rate of accumulation was 27%, the rate 
of growth s.77.:;i. the productivity of capital about 30%, showing 
an increase, compared with the period 1956-62, of about 42~. 
It is current opinion that (I use Kaldor's words)(42) 
" ••• fast rates of economic growth are associated 
with the fast rate of growth of the 'secondary' 
sector of the economy - mainly the manufacturing 












"intermediate stage of economic development: it 
is the characteristic of the transition from 
'immaturity' to 'maturity'"• (43) 
If this is so and if a high overall rate of economic 
growth is desired the secondary sector of the economy must 
develop to a greater extent than with the other ones.( 44 ) 
A high correlation should exist between the overall rate of 
growth (the rate of G.D.P.) and the rate of growth of the 
secondary sector. Such a correlation has been found for 
South Africa, and the correlation coefficient has been found 
to be rather high and positive ( r = 0,8281). 
Indeed it is not a random relationship; Kaldor has found 
a similar relationship for a sample of 12 countries, and has 
given, moreover, valid explanations of this in the work 
mentioned above. Therefore, on the basis of such a relation-
ship, expressed by a regression equation, one can predict 
fairly accurately the rate of growth of an economy, if the rate 
of growth of the manufacturing sector is known. For South 
Africa, by using the data at my disposal for the period 1950-
68, I found that the regression equation of the rate of growth 
of G.D.P. on growth of manufacturing output was: 
y = 2,779 + 0,372x 
where y is the growth rate of G.D.P. and x the growth rate of 
manufacturing output. 
Coming back to Table 8, it is clear that the services 
sector has also shown an increasing productivity of capital 












by looking, by means of the usual interpolation, at the trend 
of the ICOR in the period under analysis. The interpolator 
used is the parabola y = ax2 + c, since it is the function 
which shows the minimum square deviation compared with the 
other functions. Such a parabola, in this case, takes the 
following form 
y = -0,0055 (x - 1950) 2 + 5,8168 
where y is the Incremental capital-output ratio and x = 1950, 
1951 ••• 1968. The negative coefficient of the parabola and 
the interpolated values (see Table 12) show the decreasing 
trend of ICOR and increasing trend of capital productivity. 
Like the manufacturing sector, services also show a 
considerable increase in capital productivity during the period 
1962-68 in comparison with the period 1956-62. In famt, in the 
former, the ICOR was 5,99 (and the productivity of capital 
about 16%), while in the latter the ICOR was 3,75 (and the 
productivity of capital about 267~), showing an increase of 607::~ 
Nevertheless, the services sector is the sector which, together 
with the primary activity, shows the highest incremental capital-
output ratiop in fact: 
ICOR (6KLL2.X.Lrates of growth (6Y/Y) and rat~ of accumulation 
(ILY} b;z sectors of economic activit;z. (Period 1950-68). 
~KLD.Y 6Y/Y ILY 
AGRICULTURE 4,53 4, 397~ 17,33% 
J.VIINING 3,38 6 '017~ 20' 9l~b 
NANUF AC T'"JRING 3,67 6 ,85fo 25,84% 
SERVICES 4,50 5,01% 23' 407° 












Table 12. Real and theoretical ICOR's in the Services 
sector 
Years Real values Theoretical values 
y = a(x - 1950)2 + c 
1950 5,23 5,816 
1951 6,59 5,811 
1952 4,28 5,794 
1953 4,44 5,767 
1954 5,45 5,728 
1955 5,42 5,679 
1956 4,75 5,619 
1957 6,33 5,547 
1958 
1959 5,94 5,372 
1960 4,83 5,267 
1961 5,30 5 ,152 
1962 2,74 5 ,026 
1963 2,29 4,888 
1964 3,66 4,740 
1965 7,19 4,581 
1966 4,72 4,411 
1967 2,95 4,230 














Unfortunately, it is impossible to analyse in a particular 
manner the services sector, since this sector includes, at 
least with the data at my disposal, branches of economic 
activity which have in common only the economic destination; 
that is, to be a service. Yet the economic significance of 
these services varies greatly and the amount of capital 
investment appropriate to a given output of services varies 
accordingly. The data at my disposal for this sector include 
those pertaining to transport and communications, to retail 
and wholesale trading, to financial services, to government 
functions, to services imputed to the ownership of dwelling-
houses and other forms of fixed property. Data are not 
available to me through which the data may be disaggregated 
into each individual branch of economic activity covered by 
the broad heading. The significance of an ICOR calculated for 
such a conglomerate concept of services is therefore reduced. 
This does not mean that the ICOR calculated for such a sector 
may not be relied on; but only that it is composed of different 
components which may in fact possess widely different values or 
show different trends. The compilation of the national accounts 
simply prevents the separate calculation of the ICOR for 
branches of economic activity such as transport and communicat-
ions, trade, financial services, etc. A statement that the 
ICOR in the services sector is high, is incomplete, since it 
tends, by nature of the case, to be high in the case of trans-
portation, yet low in the case of trade, financial services 












However, on account of the considerable importance which 
transport and communications and government take in this 
sector, it has been ascertained that such a sector, at a 
macro-economic level, shows the lowest productivity of capital, 
at least in those countries which are passing through a stage 
of rather rapid economic development, and where large 
expenditures take place on defence. Finally, it remains only 
to calculate the ICOR for the whole South African economy in 
the same period. Since all the economic sectors have sgown 
a decreasing trend of ICOR (i.e. increasing trend of capital 
productivity), it seems that the economy as a whole will also 
show an increasing capital productivity during the same period. 
In fact, by using the usual interpolation of the annual ICOR, 
it is possible to see that the parabola y = ax2 + c (here also 
it is the best interpolator) takes the following form: 
y = -0,0036 (x - 1950) 2 + 5,027 
where the negative slope merely shows the decreasing trend of 
the series. This can be seen more clearly from the values 
listed in Table 13. 
What has been said about the increasing productivity of 
capital for the sectors already examined is also valid in this 
case; but a factor of general importance should be added to 
what has been already said. This will be done later in 
considering the factors which affect the incremental capital-


































Real and Theoretical ICOR's in the whole 
South African eCOii'Omy 
Real values Theoretical values 
y = a(x - 1950) 2 + c 
4,61 5,027 






























2. The average capital-output ratio. 
In calculating the average capital-output ratio(ACOR) the 
following economic aggregates have been used: capital stock 
and net product at constant 1958 prices. 




where kt is the ACOR~ Kt the stock of Capital in the period t, 
and Yt the net product in the same period. Such a coefficient 
is generally used to measure the capital intensity of production~ 
The first method worked out by economic theory to measure the 
capital-intensity is the duration of the average period of pro-
duction, a method supported by the writers of the early 
Austrian school. The basic concept of the Austrian theory is 
that, since every productive activity requires time, the longer 
the time emplpyed the greater the product obtained, the longer 
the duration of production the more numerous the stages of 
production, and then the greater the quantity of productive 
instruments which can be created and utilised for the production 
of end-products together with the labour factor. 
Consequently, the longer the period of production, the 
greater the quantity of capital utilised and, so, the higher 
the capital intensity of production. But this unit of measure 
cannot be applied to the economic structure as a whole. The 
productive structure does not consist of one process only, but 
of many parallel processes, each one having a different period 
of production; in order to measure in terms of time the whole 












a kind of sum or average of the different periods of production, 
which, for several reasons, is quite impossible. 
On the other hand, even if it were possible, the measure 
obtained would not be of any significance; the period of 
production is concerned with the time spent in the past to 
produce a given capital good and is then therefore a kind of 
measure of the real cost of the capital equipment, but it 
tells us nothing about the capital itself when it is utilised. 
The theory of the period of production, as a measure of the 
quantity of capital, is a remnant of old theories of value 
which have been abandoned as instruments of theoretical analysis 
in the theory of value. 
After all, time is also an economic good, and its value 
can vary from period to period. 
Even if conditions of general equilibrium and, as a 
consequence, a very exact correspondence between the cost of 
production and the current value, are assumed, analysis of the 
period of production would only give a measure of the capital 
stock in existence; it would explain nothing about the produc-
tive structure, that is about the number of workers employed in 
relation to the total capital, and to the size of the flow of 
product which periodically comes from the capital stock. What 
is interesting is the quantity of capital per unit of product, 
not the absolute amount of capital. It is the relative values, 












which characterise the productive structure, and on these the 
period of production cannot supply any information. 
As has already been said, the ratio usually utilised as 
an index of the degree of capital intensity of the productive 
structure is the average capital-output ratio; the higher it 
is, the higher is the capital intensity of production. This 
ratio has often been considered an exclusive index, although 
sometimes the capital-labour ratio has been used in its place; 
often the two ratios have been confused. But it must not be 
left out of consideration that the two ratios are different 
and can eventually move in opposite directions. For a more 
complete analysis, both of them have been calculated. But 
while the Average capital-output ratio has been calculated 
for the same sectors as the marginal or incremental ratio, the 
capital labour ratio has been calculated, owing to the lack of 
data, only for the agricultural, mining and manufacturing 
sectors and for a shorter period. The results obtained are 
listed in Table 14 below. 
As can be seen from Table 15, the two ratios in fact show 
just such a different tendency. Now, let us try to see why 












Tabk.J..4• The Aver~ge Ca~ital Out]ut Ratio bi secto~ 
.21.....§££!!.QQ!ic a.£]ivi~I_for South Africa. 
Years Agricultu!_§ Ivlinin,g M~~uring Services Total 
1950 2,08 1,79 1,38 1,45 2,26 
1951 2,03 1,91 1,40 2,79 2,27 
1952 2~16_, 2,08 1,39 2,86 2,33 
1953 2,07 2,31 1,46 2,88 2,37 
1954 2,07 2,24 1,48 2,89 2,37 
1955 2,11 2,11 1,47 2,92 2,36 
1956 2,00 1,98 1,47 2,95 2,34 
1957 2,13 1,83 1,44 2,89 2' 35 
1958 2,26 1,84 1,46 3,05 2,41 
1959 2,11 1,68 1,48 3,14 2,41 
1960 2,10 1,62 1,47 3,17 2,41 
1961 1,94 1,59 1,44 3,15 2,36 
1962 1,87 1,49 1,40 3,14 2,31 
1963 1,94 1,43 1,33 3,06 2,25 
1964 1,98 1,38 1,29 2,94 2,18 
1965 2,00 1,37 1,36 2,97 2,21 
1966 1,94 1,32 1,43 3,04 2,24 
1967 1,58 1, 36 1,49 3,05 2,22 
1968 1,86 1,34 1,52 2,97 2,25 
1969 1,71 1,37 1,44 3,01 2,22 
Mean 1,99 1,70 1,43 2,92 2,30 
Source: The data on capital stock and product have been 












Table 15. The ca]ital-labour ratio bi sector of economic 
activiti (constant Rand 195§) 
x~ ~griculture Mining Manufacturin.g 
1950 1,036 1,153 1,878 
1951 1,256 1,888 
1952 1,096 1,382 1,907 
1953 1,121 1,570 2,042 
1954 1,144 1,647 2,127 
1955 1,146 1,716 2,141 
1956 1,180 1,734 2,375 
1957 1,248 1,751 2,385 
1958 1,275 1,788 2,458 
1969 1,235 1,685 2,591 
1960 1,398 1,721 2,716 
1961 1,282 1,749 2,710 
1962 1,275 1,777 2,715 
1963 1,454 1,838 2,667 
1964 1,535 1,863 2,665 
1965 1,892 2,728 
1966 1,912 
1967 2,027 
mean 1,244 1,692 2,374 
Source: The data on labour come from the "Statistical Yearbook'' 












In a productive system with two factors of production, we have: 
Y = Y(L,K) 
~ Y =Al::. L +cr..6.K 
where A and <r are the marginal productivity of labour and 
capital respectively. If accumulation carries on while labour 
remains constant,l::.L will be equal to zero, and6K will take a 
positive value. The ratio K/L increases, but, it is-not 
necessarily true that the ratio K/Y also increases. This ratio, 
after a single investment, is equal to: 





er- is the marginal productivity of capital: if ·v- is greater 
than the average ratio Y, we are in the zone of increasing 
K 
returns and, so, every investment which increases the capital 
stock (i.e. net investment), increases the product more than 
proportionately, so that the coefficient K/Y decreases while 
the coefficient K/L increases. If, on the contrary, C5' is 
less than the average capital-output ratio K/Y, we are in the 
zone of decreasing returns and so the increase of output, due 
to the net investment, is less than proportional to the increase 
in the capital stock. In this case, the coefficient K/Y tends 












If, finally, the returns on investment are constant, the 
ratio K/Y remains constant, while the ratio K/L increases. It 
then appears that the ratios K/L and K/Y cannot be ta.ken 
indifferently as a measure of capital intensity: they move in 
the same direction only if the accumulation of capital yields 
decreasing returns. But this dees not seem to be the case. 
If we now give up the hypothesis of constant population, the 
possibilities that the ratios K/L and K/Y move in different 
directions are greater. 
If capital and labour increase in a proportionally equal 
measure, i.e.L).K =61 , the ratio K/L remains constant; but 
K 1 
the ra~io K/Y remains constant, increases or decreases according 
to the variation of capital productivity: here also the 
previous cases apply. If there are economies of scale, the 
capital coefficient will be decreasing because of the reduction 
in cost made possible by the greater size of the market and by 
the division and specialisation of labour. Analogously, in 
the case in which the proportional increase of capital is 
greater than the proportional increase in the working population, 
the capital labour ratio increases; but the capital output 
ratio could increase, decrease or remain constant according to 
what has been assumed about the marginal productivity of capital 
and labour during the accumulation process. If we look at 
Table 14, we can see that this is the case in the South African 
Republic during the period under consideration. 
In fact both capital and labour increase, but in a different 












the increasing value of K/L, for the economic sectors where 
it has been possible to calculate it, shows this accurately -
while the average ratio K/Y, for the same period and for the 
same sectors, has gradually decreased. This is due to the 
fact that in this period the capital was in a zone of 
increasine returns: in fact, as can be seen from the previous 
chapter, the marginal productivity of capital has been 
increasing over the whole period. In conclusion, the ratio 
K/Y and the ratio K/L can, and often do, behave in a different 
way, and sometimes can also contradict themselves with regard 
to the determination of the capital intensity of the economic 
sectors. 
In fact, on the basis of K/L the sector which has come out 
with the highest capital intensity is the manufacturing sector; 
on the basis of K/Y however it is the agricultural sector. 
However it is now acknowledged that in a country with a 
relatively strong economic growth agriculture should be tge· 
sector with the highest capital intensity; and if this has not 
been the case for the South African economy, several explanations 
are possible. For example, a possible "over-employment" in the 
agricultural sector and a possible 11 under-employment 11 in the 
manufacturing sector. In any case, the more suitable index for 
the measurement of capital intensity in a certain sector or in a 
certain process of production is the capital-labour ratio; in 
fact, the characteristics of a certain process of production 
are the factors employed, and therefore its structure will be 
better highlighted by the ratio between factors of production 
than by the ratio between one factor and the product of the 













At this point I wish to dwell, from a theoretical point 
of view, upon the "increasing productivity of capital". At 
first sight, it would seem a paradox provided by some 
statistical data. It is known, in fact, that once a given 
quantity of a certain factor of production has been reached, 
equal increments of this factor yield gradually decreasing 
increments of total product. The productivity is therefore 
decreasing with the increase in the quantity of that factor; 
and beyond a certain limit, it tends to zero. 
This is the famous law of decreasing marginal returns. 
If the capital stock is growing while the other factors remain 
available in a constant quantity, the hypothesis of the law of 
decreasing returns may be tested, and, as a consequence, such 
a law can be applied. But first:it is necessary to see if 
this law can be applied to capital accumulation, and, so, if 
the case of accumulation is part of the hypothesis which is 
necessary for the validity of the law. It is easy to verify 
that the process of capital accumulation is beyond the 
hypothesis within which the law of decreasing returns is valid. 
This comes from the fact that, while the law of decreasing 
returns is a dyna.~ic process, it is obtained by comparing the 
total product which comes from the combination of increasing 
quantities of a certain factor with constant quantities of other 
factors. The results of successive applications of a given 
factor are to be compared, while the other factors of the economic 
system, that is, the quantity of other factors applied, and the 
purchasing power of the market, remain, by assumption, constant. 
The mental experiment from which the law of decreasing returns 
emerges consists in comparing the effects of alternative 
applications of a given factor carried out in the same moment. 
It is then easy to see how the process of capital accumulation 
cannot be part of this scheme. Capital accumulation takes place 
during a succession of periods; in every period, as a conse-
quence of the investments carried in previous periods(if they 
have been productive), the productive capacity of the system 
and thus the purchasing power of the market will be enlarged. 
The investment of a subsequent period is generally carried out 
at a higher level of income (the multiplier theory) and then 
those relationships between investment and product, which exist 
at a given level of income, very likely do not remain valid at 
the new higher level of income, reached by means of the invest-
ment itself. The accumulation of capital does not take place 
all at once; it is a gradual and slow process which takes 
place through a succession of periods. During this succession 
of periods the variables of the economic system continuously 
change. 
Even if the fundamental variables (such as population, 
technical progress, availability of resources) remain constant, 
the level of income, as a consequence only of the investment, 












be carried out at a different level of income. Thus, the 
static hypothesis of constancy of all the variables of the 
system, on which the law of decreasing returns is based, 
fails. The very characteristic of the investment (if it is 
economically productive), which enlarges the productive 
capacity of the economic system, makes the hypothesis of the 
law of decreasing returns invalid. In conclusion, capital 
productivity in the period to be analysed can be decreasing, 
increasing or constant; and when it is decreasing, if it is 
decreasing, it does not mean at all that the law of decreasing 













Factors which may influence the ICOR 
1. Rate of accumulation and rate of growth. 
Since the capital-output ratio is a synthesis of economic 
magnitudes which can behave in different ways, it is interesting 
to compare the behaviour of some of them with that of the 
coefficient. At first sight we can say that there are some 
factors which directly affect the incremental capital-output 
ratio, and some which can indirectly affect it. The factors 




a - and the rate of growth of product (iy 
= Lyt ) 
-r; yt 
It is sufficient, in fact, to divide the numerator and the 
denominator of the formula which defined the ICOR by the 
product Y, to obtain: L Kt 
~ Kt yt i 
kt 
a = = == 
6. yt 6. yt i y 
yt 
that is, the value of the incremental capital-output ratio can 
be considered a function of the rate of accumulation and the 
rate of growth; more precisely, kt is a direct function of ia 
and an inverse function of iy - In order to ver:ify this, the 
annual rates of accumulation and annual rates of growth of 
product for the usual economic sectors and for the usual 












Table 16. Rate of rowth of roduct b sector of economic 
activity. percentage values . 
~ars Agriculture Mining Manufacturing Services Tota; 
1950 8,50 2,87 6,69 3,89 5,09 
1951 -1,02 8,31 7,97 2,81 3,48 
1952 9,09 -0,49 5,70 5,18 5,26 
1953 4,31 13,98 6,96 5,31 6,42 
1954 1,51 12,13 6,57 4,21 5,25 
1955 7,86 10,40 4,13 4,11 5,38 
1956 -4,05 10,80 5,56 4,78 4,40 
1957 -3,85 1,62 4,21 3,85 2,61 
1958 8,89 12,00 3,55 2,33 4,63 
1959 2,01 7,76 3,97 3,98 4,23 
1960 9,98 6,03 5,25 4,78 5,74 
1961 5,52 7 ,50 6,33 4,02 5,26 
1962 -1,87 5,08 12,79 7,19 7,03 
1963 0,07 6,36 11,83 9,38 9,21 
1964 1,16 3,52 7,44 6,30 4,01 
1965 5,50 5,03 6,59 3,86 4,94 
1966 5,40 6,84 5,61 5,42 
1967 -12' 64 4,20 4,10 8,66 4,14 
1968 10,60 1,55 10,75 5,11 6,80 












Table 17. Rate of accumulation bi sector of e£onomic activit~ 
(percentage values) 
!§~ Agriculture Mining Iv'lanuf ac turing Services Total 
1950 24,08 29,56 27 ,51 20,36 23,50 
1951 23,09 30,03 25,86 18,60 22,14 
1952 23,08 38,30 24,47 22.18 24,57 
1953 22,31 38,61 29,84 23,59 26,39 
1954 22,22 35,64 28,16 22,99 25,47 
1955 20,94 26 ,10 24,30 22,30 23,02 
1956 17,71 20,65 22,04 22,74 21,58 
1957 18,35 17,31 21,29 24,44 21,95 
1958 18,97 17,25 23,51 26,75 23,77 
1959 17,17 15,50 24,06 23,69 21,82 
1960 16,38 18,34 21,12 23,16 21,12 
1961 14,70 18,68 20,55 21,34 19,89 
1962 13,85 13,11 20,23 19,74 18,12 
1963 14,95 12,53 24,10 21,50 20,09 
1964 15,83 14,44 27,63 23,14 22,33 
1965 15,83 14,41 30,37 27,80 25,35 
1966 14,94 13,14 31,74 26,50 24,90 
1967 12,89 15,05 31,94 25,57 24,40 
1968 14,84 14,f'f.O 27,55 24,93 23,29 













Even if in practice it is rather difficult, in analysing 
variations of the ICOR, to separate those which are the 
"effect" of the rate of accumulation from those which are the 
"effect" of the rate of growth, it remains of interest to 
attempt to establish which of these two factors can have the 
greater influence on the marginal coefficient of capital. 
Let us begin with a short theoretical analysis. If we 
call i y and i' y two values of the rate of growth of the 
i' and i a a two values of the rate of accumulation, .6. i 
difference i'y - i and Ai the difference y a 
i - i a' let us a consider the elasticity E equal to: 
Li 6ia i' i a i a -1 6 y i' E = a = ;[. -
6. i;y: ia ~ 
i 
y 
i where, remembering that k • -~a~ 
iy 
E = 1 _ __,,..k __ k'i' Ki y - y 
i'y - iy 
iy 
, we have 
assume b = i' x , then i'y = bix' that is: 
i' i 6 i = y - Y. = y , then 




















E = 1 _,....k_ k'bi - ki y y = 1 k'b - k 
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1 = k 
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.6," i /::::,." 1 _}i_- l a . Y 
ia 
From the last formula it appears that, if k is greater than 
-· 
1, the variation in iy has more importance than the 
variation of ia for the variation in the incremental capital-
output ratio; if, on the contrary, k is less than 1, the 
inverse occurs. Now, from a statistical point of view, that is 
applying certain statistical instruments to what has been 
obtained for the South African economy, it is possible to see 












discussion is only valid in a certain situation defined as 
"normal". A phenomenon can be said to be in a situation of 
normality when nothing takes place to disturb its natural 
tendency. For example, the natural tendency of the rate of 
accumulation is to remain more or less constant over time; 
this, however, has not happened in the mining and agricultural 
sectors of the South African economy, where in fact it shows 
a marked tendency to decrease. 
For this reason, the analysis which will follow, refers 
only to the manufacturing sector, to tertiary activities and to 
the economy as a whole. It has been said above that when ia 
is constant k. is inversely proportional to i , i.e. an increase 
l y 
of iy results in a decrease in k and vice versa. 
Let us then see if this has happened during the period 
1950-68 for the manufacturing sector, for tertiary activities 
and for the South African economy as a whole, where ia 
is approximately constant. 
As Table 18 shows, the inverse relation between the ICOR 
and the growth rate of product is valid 48 times out of the 54 
cases observed. Another statistical instrument which can be 
used to see how ia and iy behave compared with the ICOR, is a 
comparison of the relative variation coefficients and a 












Table 18. ICOR's and growth rates with their annual direction 
sig!l§ 
Years Manufacturing Services ,±otal 
k i% direction k i % direction k i ~o direction y of change y of change y of change 
1950 4.10 6.69 5.23 3.89 4.61 5.09 
1951 3.24 7.97 - -· + 6.59 2.81 +- - 6.36 3.48 + 
1952 4.28 5.70 - 4.28 5.18 - + 4.66 5.26 - + 
1953 4.28 6.96 + + 4.44 5.31 + + 4.10 6.42 - + 
1954 4.23 6.57 - 5.45 4.21 + + 4.85 5.25 + 
1955 5.88 4.13 + .,. 5.42 4.11 - 4.27 5.38 - + 
1956 3.96 5.56 - + 4.75 4.78 - + 4.90 4.40 + 
1957 5.05 4.21 + 6.33 3.85 + 8.39 2.61 + 
1958 6.62 3.55 + - 11.96 2.23 + 5.12 4.63 - + 
1959 6.06 3.97 + + 5.94 3.98 - + 5.15 4.23 + 
1960 4.02 5.25 - + 4.83 4.78 - + 3.67 5.74 - + 
1961 3.24 6.33 - + 5.30 4.02 + 3.77 5.26 + 
1962 1.58 12,79 - + 2.74 7.19 - + 2.57 7.03 - + 
1963 1.62 14,83 + + 2.29 9.38 - + 2.18 9.21 - + 
1964 3.71 7.44 + 3.66 6. 30 + 5.56 4.01 + 
1965 4.60 6.59 + 7.19 3.86 + 5.12 4.94 - + 
1966 4.63 6.84 + + 4.72 5.61 - + 3.35 7.42 - + 
1967 5.77 4.10 + 2.95 8.66 - + 4.88 4.14 + 











Let us begin with the variation coefficient. Such a co-
efficient is an index of relative variability given by the 
ratio between the root square deviation and the arithmetic 
mean. The highest value that it can take is equal to unity, 
the lowest to zero. The use of such an index for this purpose 
is explained an the basis of the following reasoning: consid-
ering that the ICOR varies over time, let us see which factor, 
ia or iy, has the greater influence on these variations. 
Variation coefficients 
SectQ!§_ k ii i a . 
Manufacturing 32,9% 43,8% 14, 6~b 
Services 39,8% 36,2% 10,3% 
Total 30' 21; 28,8% 9,4% 
It appears that the variations in ICOR are due tn a greater 
measure to the variations in the rate of growth. In order to 
see this it is sufficient to look at the values of the percen-
tages obtained. The partial correlation coefficients also have 
shown that it is the rate of growth which has the greater· 
weight in determining the ICOR; the ICOR and iy move in 
opposite directions, the ICOR and ia however move in the same 
direction. 
Partial correlation coefficient 
Sectors rk. . rk. . 
l ,i l 'l y a a y 
Manufacturing 0,9172 0,4023 
Services 0,8615 0,5812 












To summarise, it can be said that the ICOR is a function of 
the rate of growth and of the rate of accumulation, if the rate 
of growth increases the ICOR decreases and vice versa, and if 
the rate of accumulation increases the ICOR should increase and 
vice versa. But since such a rate of accumulat~on is more or 
less constant over time, it is the rate of growth of output 
which determines the incremental capital-output ratio. On 
this basis it can be said that: 
1. The incremental capital-output ratio seems to be a variable 
which is a function of economic growth rather than an 
explanatory variable of the same. 
A low level of k implies a fast economic growth, and vice 
versa in the case of high levels of k. 
2. The results obtained would seem to undermine the accEleration 
principle as a model of analysis; it is known that at 
the basis of this principle is the constancy of ICOR; 
however, ICOR does not remain constant at all, but increases 
or decreases if the rate of growth of product (and so of 
income) decreases or increases. 
3.. Some heavy doubts could arise from the consideration of 
ICOR as an instrument of planning. It is the consequences of 
economic behaviour and, to a greater extent, the consequences 
of other features of planning policy which affect and, 
therefore, determine the level of the incremental capital-
output ratio, rather than the reverse. 
4. Finally, the ICOR is much higher in economic sectors or 
countries with low growth rates than in those with high 
growth rates. In fact, in the period 1962-69 the ICOR in the 
mining sector was 3,84 with a growth rate of 5,2%, in the 
manufacturing sector it was 3,24 with a growth rate of 8,7%~ 












2. Productive capacity. 
Another factor which may affect the Incremental capital-
output ratio is the different percentages of utilisation of 
productive capacity. In fact during periods of economic 
welfare entrepreneurs generally create productive capacity in 
anticipation of the market demand; analogously investments in 
"fiixed social capital" are carried out. 
All this automatically creates a certain amount of unused 
productive capacity which is used over time. Therefore, at 
the beginning of such a period the incremental capital-output 
ratio .. remains steady at a high level, during the subsequent 
period, however, since~ a:abng other.things, so-called economies 
of scale become operative, it would decrease. In periods of 
economic welfare, when the entrepreneurs carry out large 
investment plans, surpluses of capital, which are not put to 
immediate use, can be created. The same situation occurs when, 
in the execution of development plans, infrastructural invest-
ments (i.e. in roads, railways, acqueducts, electrical power 
plants and transmission networks) are carried out: these 
investments, by their very nature, do not show immediate returnsn 
It seems that in such periods the capital productivity 
decreases or increases less quickly than usual. During the 
subsequent periods, when market demand expands, the flow of 
product can be partially obtained by the investments previously 












Thus, it seems that the return on investments grows 
suddenly and so does the productivity of capital. In such a 
case it may be that during buoyant periods, when total demand 
expands, not only are new additions to plant utilised, but also 
the old productive equipment is utilised much more intensively; 
on the other hand, during periods of stagnation, when total 
demand contracts, the utilisation of productive capacity is 
reduced. 
Therefore, when the productive capacity utilised is 
relatively low, the incremental capital-output ratio should 
increase, and when it is relatively high, the capital-output 
ratio should decrease. In other words, these economic magni-
tudes (the incremental capital-output ratio and the productive 
capacity utilised) vary in opposite directions, and statistically 
speaking, we should have a negative correlation. 
3. Employment. 
Another factor which indirectly affects the determination 
of ICOR is the level of employment or rather its variation 
over time. It seems likely that such a factor plays a 
different part according to whether the supply of labour is 
plentiful or scarce. In fact, it has been established that in 
those countries where the supply of labour is not scarce, there 
is a tendency to organise a combination of fa~tors with a lower 
capital intensity than is necessary in those countries where 
the supply of labour is limited. Therefore a close correlation 












by the output-labour ratio) and the incremental capital-output 
ratio$; and furthermore labour productivity- should increase 
as an effect of the substitution of capital for labour. 
In fact, analytically speaking, if labour is replaced by 
capital, ceteris paribus, the numerator and therefore the value 
of the labour-output ratio decreases (the productivity increases) 
while the numerator and therefore the value of the incremental 
capital-output ratio increases. 
Table 19 shows the values of the productivity of labour in 
the mining and manufacturing sectors in the period 1950-19670 
Table 19. Productivit~ of labour (Y/Ll{constant Rand 1958) 
Years J.Vlining Manufacturing 
1950 641 l 343 
1951 657 1 357 
1952 664 1 376 
1953 677 l 396 
1954 735 1 428 
1955 810 l 450 
1956 859 1 610 
1957 879 1 646 
1958 878 1 680 
1959 959 1 740 
1960 1 040 1 837 
1961 1 132 l 872 
1962 1 204 l 931 
1963 1 278 l 992 
1964 1 345 2 051 
1965 1 380 2 104 
1966 1 438 2 180 
1967 1 486 2 240 












Let us see if such a theoretical relationship between 
Y/L and I/AY is valid for the mining and manufacturing sectors 
of the South African economy. The correlation coefficient 
between labour productivity and the incremental capital-output 
ratio has been equal to -0,1704 for the mining sector and equal 
to -0,3237 for the manufacturing sector. It was stated on 
page 102 that between Y/L and A. K a relatively high positive 
KY 
correlation could be expected to exist; this, however, has not 
been the case in South Africa. That is, the correlation has been 
low and furthermore negative. The reason for this low correl-
ation can be found in considering the formulae which determine 
the productivity coefficient of labour and the ICOR. In other 
words, to obtain a higher correlation it would be necessary to 
free the product of the share pertaining to capital, in the 
calculation of the productive coefficient of labour, and the 
share pertaining to labour, in the calculation of ICOR. 
It has also been said that the basic fact which would 
explain the positive correlation, at least from a theoretical 
point of view, between Y/L and £:,, K/ 6. Y, is the process of 
substitution of capital for labour. Now, on the basis of the 
results obtained, i.e. the negative correlation, it is possible 
to infer that this substitution has not taken place, at least 
not in the economic sectors considered. In other words, the 
incremental capital-output ratio has been decreasing during 
the period, while labour productivity has been increasing. 
This is a very important fact, and I believe that it has been 
one of the reasons for the remarkable South African economic 
development: that is, capital productivity and labour produc-












Let us now see if during the period 1950-67 in the 
manufacturing sector "the Verdoorn law" can be applied. 
According to this author the increment in productivity 
(labour productivity) is as great as the increment in productione 
We are not concerned with the positive correlation between 
these magnitudes. But what is important, according to 
Verdoorn, is first, the exact value of the elasticity E (the 
ratio between the growth of productivity and growth of 
production) and second, its constant value in different countries 
and periods. Verdoorn, in fact, formalises his own law. in the 
following way: " ••• the productivity as a rule has been 
increasing as the square root of the volume of output".( 46 ) 
In other words the elasticity is equal to about 0,50, which 
means an increase in productivity of 5% per increase in output 
of 10%. 
We wish to establish whether this has happened in the 
manufacturing sector during the period 1950-67. For this 
purpose the equation used has been of the following type: 
where 
E kt p = x e 
p = productivity level 
x = production level 
the equation can be converted into: 
log p = E log x + kt 
and, differentiating,into 
d lg p = E d lg x + K 














P = growth rate of productivity 
X = growth rate of output. 
The regression calculated on the basis of this latest equation, 
has given the following parameters: 
p = 0,615 x - 0,126 R2 = 0,8705 
In this case the elasticity is equal to 0,61 and thus is 
not very far from Verdoorn's elasticity (0,50). In addition, 
the high value of the determination coefficient (R2 = 0,8705) 
also suggests the validity of this regression, and the positive 
correlation coefficient (equal to 0,933), the tied connection 
between the growth of productivity and output. .Anyway, even 
if such a sector is on the limit of this law, it does not mean 
that the law can be ascribed absolute reliability. According to 
Verdoorn, the increase in production is a necessary and 
sufficient condition for the increase in productivity. In other 
words, the elasticity E entirely explains the increase in 
productivity, there is no growth of productivity which is 
independent of the increase of production. In terms of a 
regression line between the rates of growth of production (X) 
and productivity (P): P = k +EX, it is necessary that the 
constant k be equal to O, in order that E = P/X. 
Even if in the regression calculated above k is very low, 












In short, even accepting these regressions as indicative 
means to work out a certain law which exists empirically it is 
necessary to consider that the increase in production only 
in part explains the increase in productivity. (It depends 
upon the value of k; Kaldor, for example, does not take into 
consideration the mutual importance of k and E in the English 
economy; from his regression the increase in production 
explains only 60% of the increase of productivity in the United 
Kingdom). If the elasticity E has not been found out by a 
regression line, but only by the ratio between the rate of 
growth of productivity and the rate of growth of production, 
in the case of a positive constant, it will turn out an 
approximate value. 
Furthermore, if the value of the constant is relatively 
high, in order to know what determines the growth of productivity 
it is necessary to study the factors which may cause that 
value of k. According to some, one of these factors is 
investment. Verdoorn, however, is extremely explicit in denying 
that investment is one of the main factors which determine the 
value of k, he considers only increasing returns (economies of 
scale, learning curve)( 48 )which carry on with the expansion of 
production. Kaldor also says that increasing returns form the 
main explanation of Verdoorn's law.( 49) 
4. Technical progress. 
Another factor, which indirectly affects the Incremental 












as embodied progress.it ean have a positive or negative 
influence on the capital coefficient. When new plants are set 
up (from the point of view of capital productivit~) we shall 
have a negative effect, in that the capital coefficient will 
tend to increase. But later, when economies of scale, shorter 
production periods, shortage of wastes are carried out, the 
factor technical progress will have a positive effect on the 
capital coefficient which will then have a tendency to decrease~ 
For the U.S.A. economy, R. Solow has found out that about 
810 of the increase in production of about 65~o which took place 
in the period 1909-49 in the States was due to the substitution 
of capital for labour, and the remaining 57~S was due to technical 
progress, which made possible to obtain a higher production 
per unit of capital. 
Looking at Table 20, we can see that where the incremental 
capital-output ratios are lowest, the importance of technical 


























r~tes in the period 1949-50 
Contributioni- Techn:~£~ 
Lab.our capltal-'J?NB!ess-
1,1 1,8 ~ 4,5 
0,8 1,0 4,1 
0,8 1,5 3,2 
0,8 1,4 2,6 
0,1 1,0 3,4 
1,5 2,1 0,6 
0,2 1,4 l,8 


















Source: United Nations: Some factors in economic growth during 












5. Variations in the structure of new investments. 
Finally, the capital coefficient can vary according to 
the destination of new investments. 
It is known that some classes of industrial activity 
(such as chemicals, electricity, heavy industries) present a 
lower capital productivity than others (such as the manufacturing 
industries) and therefore the incremental capital-output ratio 
should be sensitive to changes in the structure of new invest-
ments, both for the whole economy and in particular for the 
industrial sector. 
Unfortunately, the shortage of data on investments at a 
more disaggregated level has made calculation of the capital 
coefficient in the South African sectors and therefore ~he 
verification of such a statement difficult. 
A few of the factors which can affect the Incremental 
capital-output ratio have been examined above, but the fact 
that there are other factors,. such as psychological features, 
which can have more or less similar effects on the Incremental 
capital-output ratio and, generally, on economic magnitudes, 
must not be .forgotten, even though these might not, generally 













The_J2ossible Uses of ICOg 
1. As an instrument in planning. 
The ratio 6.K, supposing it to have been established, 
6. y 
makes it possible to estimate the capital needs necessary to 
finance a certain increase in product. If k is equal to the 
ICOR, and ia to the rate of accumulation, we can write: 
= 
In this equation, two magnitudes should be known. Since 
k is given, only a degree of freedom remains. If the growth 
rate is arbitrarily fixed, let us assume at about 5%, and the 
ratio k is equal to 3, the rate of accumulation necessary to 
finance this growth will be equal to 15%. In other words, 
knowledge of the incrementa:i capital-output ratio certifies 
that, technical conditions given, to obtain an increase in 
product of about 5%, it is necessary to invest the 15% of the 
annual product. 
The same formula which is used as an instrument of planning 
(i.e. applied to the future) can also be utilised with reference 
to the past, in order to ascertain whether the growth of the 
economic system has carried on within the limits of equilibriumo 
The condition of dynamic equilibrium can be expressed, according 












magnitudes; if this equality exists, the entrepreneurs notice 
that their expectations have not been false~ and, as a conse-
quence, they continue to act in the future as they did in the 
past. In such a case it is possible to speak about the 
equilibrium of the economic system. Each of the magnitudes 
shown in the formula can be accepted as a planned magnitude 
(i.e. the subject of decisions made by free enterprises of 
economic subjects) or as a real magnitude (i.e. actually obtained 
during a certain historical period). Now, if the equation is 
to represent conditions of equilibrium, some magnitudes must 
be accepted as planned and others as actual. Only in this 
case does the equation give the equality between ex-ante values 
and ex-post values and thus a correspondence between choices 
and realities which is the main feature of equilibrium. 
Such a model can be used in several ways. The equation 
allows only a degree of freedom - two magnitudes have to be 
considered as given and in respect of these equilibrium exists 
by hypothesis. For the third magnitude the comparison between 
plans and reality must be established. 
We can start from the propensity to save and from the 
planned capital-output ratio, solving the equation with 
respect to .6. Y in such a way the rate of growth which can 
y 
be obtained by investing voluntary saving and in accordance 
with the expected capital-output ratio, can be derived. By 
comparing this theoretical rate with the real one, it is possible 












Similar results can be obtained by starting from the 
propensity to save and from the real growth, or from the 
capital-output ratio and the real growth rate. In the former 
case the equation will be solved with respect to k, in the 
latter case with respect to ia. 
2. As a measure of productive efficiency. 
The incremental capital-output ratio is sometimes considered 
as an index of productive efficiency. For example, the incre-
mental capital-output ratio equal to 3,5 obtained during the 
period 1962-68 in the South African economy, is a symptom of 
a remarkable productive efficiency. 
However, three aspects which impose a certain caution in 
using this kind of measure must be pointed out. First of all, 
it is known that the incremental capital-output ratio is 
concerned with only one of the productive factors; a real 
measure of productive efficiency should be a measure of global 
prouctivity, that is, applied to all the economic factors of 
production. 
In fact, a low capital-output ratio can be obtained by 
using a high quantity of other factors (for example labour): 
in this case, nothing can be said about the efficiency of the 
economic system. In other words, the productive technique 
(or input-mix) used exerts a great influence on the incremental 












of primitive techniques rather than of high efficiency. 
Vice versa, a high incremental capital-output ratio may be 
an index of mechanised techniques and not of the low efficiency 
of the economic system. 
Secondly, it is necessary to remember that the global 
incremental capital-output ratio is a weighted mean of the 
sectoral ones; an average where the weights are given by the 
importance of the relative products in the total income. As 
a result, the composition of total product (or output mix) 
exerts great influence on it. An increase in the incremental 
capital-output ratio can be due simply to the shifting of 
resources from certain sectors towards other sectors where 
the intensity of capital is much higher. In this sense, the 
incremental capital-output ratio is subjected to purely technical 
forces; a country can have a very high capital coefficient 
merely because there are some conditions which cause resources 
to be devoted to a certain type of production. Naturally, 
even if this does not provide a true reflection of the efficiency 
of the system, it has nevertheless an economic meaning: 
if 6K/ 6 Y is relatively high, then people will have to carry 
out a greater effort of accumulation in order to yield a unit 
of product, and the real cost of production, in terms of 
consumption will be higher. 
Finally, before making a judgement on the efficiency of 
the economic system, it is necessary that the capital-output 
ratio be not affected by typical phenomena of the short run, 













3. As a criterion in making investment decisions. 
According to this criterion, especially in underdeveloped 
countries, investment ought to be orientated towards those 
branches of production where the incremental capital-output 
ratio is low, and where, as a consequence, the capital 
productivity is high.(50) 
Here also there are some objections to be made. The 
first one is connected with the interdependence between 
different sectors, If the sectoral ICORs are interdependent, 
they have no separate significance at all for the productivity 
of those investments in respect of the whole economic system. 
Another objection, already mentioned, is connected with 
the fact that the rati.o ~ K/b..Y gives the productivity of one 
factor only (capital). It can therefore be used as a criterion 
in making investment decisions only if the other factors are 
not scarce and then these latter need not be taken into 


























Description of_the model,.J2;tilised, 
and some_£~deratiQ.ns on it. 
For this forecast my calculations will be based on some 
parameters (such as the incremental capital-output ratio, the 
percentage of depreciation, the elasticity) established for 
the last ten years (1960-69). 1969 will be taken as base year 
and the predictions will refer to 1975. 
The model utilised is a linear model of 11 equations, 
which makes possible the calculation of the Gross Domestic 
Product (G.D.P.) at factor cost, gross fixed investments and 
the capital stock by sectors of economic activity, that is by 
agriculture, mining 9 manufacturing, services and the economy 
as a whole. 
In such a model the mining and agricultural sectors are 
assumed to have little importance in the determination of the 
future growth rate of the South African economy, and therefore 
they will be considered as exogenous variables. By acting in 
such a way I believe to be following both the general principle 
which states that the manufacturing sector and, as a consequence, 
the services sector, is that which gives the greatest stimulus 
to the economic development of a certain country, and the 
results of the analysis carried on in the previous chapters; 
where the gradually decreasing importance of primary activities 














T~e following equations have been used: 
(1) 
where Y is the G.D.P. at factor cost, 1, 2, 3 and 4 the 
agricultural, mining, manufacturing and services sectors 
respectively. 
(2) 
where I is gross fixed investment. 
( 3) 
where D is the depreciation of capital stock. 
(4) 
where K is the capital stock. 
t t-1 I~ - D~ (i 1,2,3,4) (5) K .. = K. + = 
l !. l 1. l 
D~ y t K~ (6) = i l l 
') 
t where ~: is the percentage of depreciation on capital stock. i 
K~ 13 t y~ (7) = i l l 
where r ~ is the incremental capital-output ratio. 
~ Y:.3 = f(:Y)'-'- ; Y3 = dYE (8) 
Y4 f (Y3) 
. 
Y4 
l (9) = ' = c Y3 
yl = a+ bt (10) 
,. 
y2 a' + b 1 t 
·r._., (11) = ; 
.' 
Let us begin to calculate the gross domestic product at 
factor cost in 1975 on the basis of the equations 8, 9, 10 
and 11, by considering as the basis year 1969; that is, 













1 = a + bt 
yl975 
2 = a' + b't 
yl975 E (I) 
3 = dY 
.......___"""'-"-. yl975 = c yl 4 ] 
y = Yl,+ y2 + Y3 + Y4 
As has been said, the agricultural and mining sectors 
are considered exogenous variables, and therefore the relative 
gross domestic product will be found by a simple extrapolation, 




the equations (8} and 
(9) must be transformed as follows: 
lg Y
3 
= iog d + E log Y 
lg Y4 = log + 1 log Y3 
( 8') 
( 9 I) 
In other words, the elasticity E and the elasticity 1 must be 
calculated. For this purpose it is sufficient to calculate 
the regression between log Y
3 
and log Yin the equation (8') 
and between log Y4 and log Y3 in the equation (9'). After 
the calculation of such a regression the system (I) takes the 
form: 
Y1 = b + at 
Y2 = b' + a't 
Y3 
yO L1 + E y ~~ = (- -3 yO _:J 
[l + l~ 
(II) 
Y4 = 
yO l (~-4 yO 
3 












where the unknowns are Y1 , Y2, Y3 Y4 and Y, while Y~ and Y~ 
are the gross domestic product of the base year, that is of 
1969. The solution of such a system by the method of Cramer 
has given the following values for G.D.P. at factor cost and 
at 1958 constant prices. 
SECTORS G.D.P. GROWTH RATE 
(R. Millions 1958) 
Agriculture 1 061,1 3r~ 
.Mining 1 169,2 3,2% 
Industry 3 630,5 7,8% 
Services 5 548,0 6 ,oro 
Total 11 408,9 6 ,oro 
Now, by applying the other equations of the model, the other 
economic aggregates forecast in the period 1970-1975 can be 
calculated: 
Gross domestic ]reduct at factor cost 
(R. hillion 1958) 
;l-970 1971 127£ 191.2 1974 1975 gz:owth , 
rate 
Agriculture 915.4 942,9 I 911,2 i ooo,o 1 030~0 
~ 063,9 1 097,0 1 132,1 











2 493,8 2 
4 145,9 4 






2 898,0 3 124,0 3 367,7 
1 16 9, 21 3. 210 
3 630, 3i 7 .81jb 
4 658,4 4 937,9 5 234,2 5 548,2 6% 
19 591,5 ,10 158,9 llO 764,0 11 408,.9 6r~ 
gross ca~ital formation 
(R. Million 1958) 
1970 .1211 1972 1973 1974 1975 
120,9 124,.6 128,2 130,5 135 ,9 140,8 
104,4 108,5 110,8 111,9 118,6 125,4 
662,l 713,.8 769,6 829,4 895,5 963,7 
1 056,2 11 119,2 1 187,1 1 257 ,s 1 333,4 1 413,0 













(R. Million 1958) 
1970 1971 1972 19.U 1974 1975 growth 
rate 
Agriculture 1 557.,0 1 589,4 1 622,7) 1 656,6' 1 691,9/ 1 728,5/ 2% 
i 
Mining 1 354,8 1 380,8 1 407,4 1 434,1 1 462,6 1 4 9 2 l' 7 I 1, 9~o 
Industry 3 580,6 3 841~1 4 122,0 4 424,7 4 751,5 5 103,3 7,3~~ 
12 465,5 13 193,0 13 964,7114.782,3 15 649,0 16 567,5 5,~ 
18 957,9 20 004,3 21 116,8(22 297,7 23 555,0 24 892,0 5,3% 
Services 
Total 
The model, utilised, for its simplicity, can be considered as 
an extrapolation of what has been realised in the last ten 
years. In fact the parameters used in the model, that is the 
ICOR, the interdependence between sectors(measured by the 
relative elasticity), the percentage of depreciation, are those 
which existed in the period 1960-69. Therefore the results 
reached by these calculations will be significant and valid 
only if a certain validity is given to the past. 
An interesting feature is the consideration of the manu-
facturing sector as the main important variable of the model; 
and therefore the South African economy in the next six years 
will be able to achieve, on the basis of the model adopted, an 
average growth rate of 6% only if the manufacturing sector is 
able to develop at the growth rate of 7.8%. 
Moreover, in order to finance such a development the 
average propensity to save must be equal to 22%, that is, a 
little more than that achieved in the last ten years, which 












The model also shows the different weight which the 
economic sectors considered (i.e. agriculture, mining, industry 
and services) will have in the composition of G.D.P. In fact 
agriculture's share will be about 10% (in the period 1960-69 
it was 11,8%) that of mining about 11% (in the period 1960-69 
it was 13,4%); the manufacturing sector will generate about 
30% of the G.N.P. (in the period 1960-69 it was 26,4% ) and 
services about 49% (in the period 1960-69 it was 48,2%). 
In other words, while the share of services will remain 
more or less the same percentage, the manufacturing sector will 
have a notable increase, to some extent as the shares of the 













With this brief general forecast of the South African 
economy in 1975, I bring this study to a close. 
In it I have attempted to give a theoretical explanation of 
the capital-output ratio; to distinguish between the different 
forms in which it may be calculated; to show the relations 
between these different calculations of ICOR and ACOR, and 
possible adjustment to overcome discrepancies due to the 
changing value of money. I have attempted to show their 
relations with other econometric magnitudes. 
I have shown how only through a realistic study of the 
actual processes of economic development, dependent upon the 
calculation of capital-output ratios, may an answer be found 
to some of the conflicting theoretical speculations which exist 
in the literature, concerning the comparative productivity of 
capital investment in developed and less developed countries; 
in economies where labour is scarce and where it is plentiful. 
I have given statistics drawn from countries where these are 
avnilable covering a period of considerable development of their 
economies, which may indicate the strong possibility that capital 
productivity, which can be most readily, if not entirely adequ-
ately measured through the capital-output ratios, varies in 













The capital-output ratios, which can only be studied his-
torically, since they refer tn real experience, which has alreo.dy 
happened, have also a predictive value on account nf that o'Jn-
tinuity which persists through changes in the economy, and hence 
possess a practical value in assisting national decision-making 
for the future. 
Against this background I have set out capital-output ratios 
which I have calculated for South Africa for the period 1950-69 
and manipulated them so as to obtain the maximum information from 
them. I have attempted, in the light of the figures which have 
emerged, on the one hand to explain these results, with the aid 
of information of another character concerning the changes in 
the South African economy during this period; and on the other 
hand to identify more clearly, out of these econometric calcu-
lations, some of the developments of the economy during this 
period which need to be explained. 
From this study there has emerged the fact that the South 
African national accounts do not yet provide sufficient detail 
for a refined study of this important aspect of the economy. Not 
only could my study not have reached the stage of elaboration 
that has been achieved, but for the kind assistance of the South 
African Reserve Bank, which took the trouble to provide me with 
statistical information not available in published sources; but 
even so, severe limitations were placed upon the scope of my 
analysis by, for example, the lack of any detailed break-down 












which often - the case of the services sector is the most 
striking - contain some very disparate elements. 
Within these limitations I have prepared a study which I 
hope will add to knowledge of the South African economy, and 
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